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ABSTRACT 
 
 Wild silk production provides an ecologically compatible alternative to forest destruction 
and invests the rural communities in conserving their natural heritage. This study permitted 
acquisition of data on various biological aspects to allow local communities to harvest the silk of 
the Malagasy endemic saturniid silkworm Antherina suraka (Boisduval, 1833) as a source of 
ecologically sustainable income. The current study provided information to local farmers about the 
available host plants optimal for rearing the local silkworm and therefore worth conserving. 
 Documentation and field surveys were undertaken from 2008 to 2011 in different regions 
of Madagascar. Food plant species from 23 families were recorded. The discovery of ten newly 
recorded host plant species endemic to Madagascar showed that, although A. suraka has adapted 
to feed on non-native species, it remains reliant on native forests. Host availability in different 
study sites was documented. Despite the efforts undertaken during this study, fewer records of 
host plants were found in the dry areas, in contrast with other regions of Madagascar. Further 
studies of A.suraka in these special ecosystems along the year were then suggested. 
 About A.suraka itself, three forms currently recognized as the subspecies suraka, 
australis and comorana differ in geographical distribution, body size and color. The taxonomic 
status of these subspecies was assessed. Records from museums and field investigation (2007-
2012) showed that A. suraka is widely distributed in all bioclimatic zones of Madagascar and the 
Comoros archipelago. The Folmer region of mitochondrial cytochrome oxidase I was used to test 
for differences among geographic samples. Three clades comprising the three subspecies were 
supported. As only 43 specimens in limited regions were analyzed, further studies are needed to 
understand geographic variation in A. suraka. Results of Mantel and partial Mantel tests on ten 
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samples with known host plants showed correlations between genetic and geographical distance. 
Isolation by distance could explain the observed phylogenetic structure.  
 Structural and mechanical properties of the cocoon of A.suraka were also assessed. Using 
environmental scanning electron microscopy, I found that the cocoon was characterized by 
multiple threads with crossover points. Use of a tensile strength testing instrument revealed that 
its silk sheet is less compact, with lower tensile strength and stiffness but greater thickness than 
that of B. mori. No major differences in either structural or mechanical properties were observed 
between two sites, Kirindy and Isalo. Comparison between the two layers forming the cocoon 
showed that the inner layer had greater tensile strength, elastic modulus and thread and cell 
density but was thinner, with larger cell and thread. These results indicated that the cocoon of A. 
suraka, although strong enough for making a non-woven fabric, was less strong than that of B. 
mori. 
 Because the pupae of A. suraka are edible, eating or selling them could improve local 
economies. Entomophagy is not new in Madagascar where insects have long been part of 
culinary traditions. Promoting this practice would help in enhancing food security as insects are 
nutritious and affordable for a large segment of the population. We conducted a survey in rural 
communities of Madagascar from April to June 2013. Diversity of edible non-crustacean 
arthropods was assessed for each site using the number of times names of arthropods consumed 
were mentioned as a measure of acceptability. Approximately 65 morpho-species from seven 
orders of insects, including Hemiptera, Coleoptera, Lepidoptera, Orthoptera, Hymenoptera, 
Odonata and Mantodea, and two orders of arachnids, including Araneae and Ixodida, were 
recorded as the most frequently consumed arthropods. Preference rankings differed among sites. 
Information on seasonal availability was also recorded from the informants. When comparing 
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factors influencing food security in rural areas, we noticed that most of the edible species were 
found between October and March, a time associated with the lean season and hikes in food 
prices. This pattern demonstrates the importance of entomophagy in food security. Rearing 
selected edible and/or silk-producing insects at a marketable level would further improve 
livelihoods, thus protecting the remaining forests in Madagascar from overexploitation.  
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To my husband 
 
 
 
 
 
''Ny valala tsy azo raha tsy andriana ilika'' 
(One will not catch a grasshopper without crawling hard toward it) 
Malagasy Proverb 
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CHAPTER 1. INTRODUCTION AND LITERATURE REVIEW  
 
INTRODUCTION 
 Insects comprise the most diverse and successful group of multi-cellular organisms on 
Earth. They cause injury to crops and negatively impact human and livestock health. They also 
constitute an important source of livelihood for many people around the world and provide vital 
ecosystem services. Concerted research efforts have been devoted to insects of economic interest 
with the ultimate goal of understanding different aspects of their biology. The domesticated 
mulberry silkmoth Bombyx mori L. (Bombycidae) constitutes a model system for Lepidoptera 
and biology in general (Goldsmith et al. 2005). The sequencing of its genome (International 
Silkworm Genome Consortium 2008) revealed more details that were instrumental in 
understanding the genetic basis of silk production, immune responses, ecology, and other aspects 
of its biology (Xia et al. 2009, 2014). Bombyx mori is used for silk production worldwide and has 
been domesticated and improved for over 5000 thousand years (Kurin 2002) by artificial 
selection with the aim to increase silk yields (Holland et al. 2011). Many other insects produce 
silk for different purposes such as constructing cocoons (Sutherland et al. 2010). This project 
was focused on the non-mulberry silkworms, which differ from B. mori in that most of the 
species are wild or semi-domesticated. They produce silk with different characteristics, but some 
species such as the luna moth, Actias luna L. (Saturniidae), produce silk that has tensile 
properties similar to that of B. mori (Reddy and Yang 2012). Looking for alternative silk is 
necessary as world silk production has been too low to satisfy the silk demand (Engelhardt 
2010). Many choices of silk are possible because about 80 wild lepidopteran species that produce 
silk of economic value have been recorded in Asia and Africa (Jolly et al. 1979).  
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 In Madagascar, different families of wild silk moths, namely Lasiocampidae, 
Notodontidae and Saturniidae, have been recorded (Peigler 2004, Razafimanantosoa 2006 et al.). 
Products from these native silk moths were more preferred by Malagasy people because of 
cultural heritage although sericulture of B. mori was adopted in the 1820s (Green 1991). The 
most famous is the silk made by the lasiocampid larvae of Borocera cajani (Vinson) 
(Razafimanantsoa et al. 2012). Saturniid silkworms are not exploited for silk production in 
Madagascar even though their congeners in other countries are intensively reared for this 
purpose (Peigler 1993). Antherina suraka (Boisduval), a saturniid species that is endemic to 
Madagascar and the Comoros Islands, well known to insect collectors in search of exotic and 
spectacular specimens. Rearing the species was only to obtain the adult stage for display purpose 
or collections. Most of entomological studies on A. suraka have focused on its taxonomy 
(Griveaud 1961, Viette 1965), its life cycle and its basic rearing, often using non-native plants 
from other countries (Kurz 1991, Bowers 1993). Its recent use in wild sericulture (Craig 2007) 
has stimulated interests in understanding different aspects of its biology that could improve the 
rearing process.  
 The current study addressed the following objectives: 
1. To update records of wild native host plants of A. suraka in Madagascar. 
2. To determine the diversity of A. suraka by investigating the geographical distribution of the 
species and studying the taxonomic status within the species. 
3. To determine the mechanical and the structural properties of the cocoon sheet of A. suraka. 
4. To determine the current status of entomophagy in Madagascar as the pupa of A. suraka is 
considered edible in other regions of Madagascar such as Arivonimamo (Midwest of 
Madagascar). 
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LITERATURE REVIEW ON FOREST  
Current status of forests  
 Madagascar and the Comoros Archipelago, located off the southeast coast of mainland 
Africa, are part of a biodiversity hotspot in the western Indian Ocean, characterized by 
exceptionally rich but also highly threatened biodiversity (Myers et al. 2000). Nearly 90% of 
animals (Goodman & Benstead 2005) and 84% of vascular plants are found nowhere else in the 
world (Callmander et al. 2011). Rates of deforestation in this part of the Indian Ocean are 
extremely high and are accelerating due to erosion, drought, and the rapidly expanding human 
population that hase exerted immense pressure on natural resources (Harper et al. 2007; Malik 
2013; Vieilledent et al. 2013a). Malagasy people are mainly rural (67.4 %), living below the 
poverty line. They rely heavily on subsistence agriculture (Food and Agriculture Organization 
2013), which is a major threat to native biodiversity worldwide (Brooks et al. 2009). Apart from 
slash-and-burn agriculture that could clear entire hills covered by forests, people who live in the 
borders of forests also rely heavily on wildlife resources such as timber (Urech et al. 2013) and 
bushmeat (Golden et al. 2011, Razafimanahaka et al . 2012). Illegal exploitation of timber has 
dramatically risen, especially international rosewood trafficking (Schuurman & Lowry II 2009). 
In addition, Madagascar is also rich in minerals and other underground resources. Mining 
activities take place usually inside or in the border of forests, which imply large areas of land 
acquisition and loss of biodiversity despite reforestation (Evers & Seagle 2012). Rosewood 
logging, smuggling, and mining activities have raised the problems of forest conservation to an 
international level. International and national dealers and companies have been more involved 
than the local impoverished communities who can participate but does not benefit much. The 
role of the government to enforce the laws and solve these issues is then crucial. However, 
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implementation of conservation strategies has been hampered by periodic political unrest, the 
latest one occurring in 2009 (Bohannon 2009). 
Conservation strategies 
 An important amount of scientific research should be used to conserve the remaining 
forests in Madagascar, such as monographs, systematics and natural history of special groups of 
living organisms in Madagascar (Goodman and Benstead 2005, Phillipson et al. 2006); and more 
broadly, distribution maps of taxa would be invaluble in prioritizing areas to protect (Kremen et 
al. 2008; Hawlitschek et al. 2011; Vieilledent et al. 2013b). Laws and regulation stipulating 
protection of nature have been implemented and updated. Forests were managed for a long time 
by central authorities, but they were unable to perform their task as the political instability of the 
country did not permit continuity of any actions undertaken (Randrianandrasana 2014). 
Deforestation and loss of habitats worsen during each period of political turmoil and remain 
important issues. Centralism then changed into community management of local forests in the 
nineties (Urech et al 2013). This latter strategy, known as community-based conservation 
(Hackel 1999), was implemented in Madagascar by combining conservation of native 
ecosystems, education and economic development (Birkinshaw et al. 2013). Organizations 
worked with local communities in the borders of forests on sustainable exploitation of natural 
resources and improvement of livelihoods.  
Alternative incomes for conservation 
 According to a study in six southern African countries, communities that were exposed to 
diverse livelihoods tend to be less dependent on natural resources for their survival (Snyman 
2014), thus improving economic development in the borders of forests and facilitating 
conservation awareness. Not many projects offering new alternative incomes succeeded, though. 
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In Madagascar, conservation strategies from external concepts were initially adopted in the 
eighties and nineties (Duffy 2006), without taking into account the local cultures and problems 
(Urech et al. 2013). Embedding the cultures and traditions of the local people into integrated 
conservation plans is critical for success. As an example, the community-based management in 
Anjà (Ambalavao, Fianarantsoa, Madagascar) has been designated as a model of mountain-
resource development. The local community uses ecotourism to fund community projects such 
as schools, improvement of agricultural techniques and fishing in the region (UNDP 2013). 
Another case in Madagascar was the novel wild sericulture project in Maroantsetra. The 
approach was to use native wild silkworm; Antherina suraka, in the region for production of 
non-woven silk fabric. Silk farming, although a new activity in Maroantsetra, still embedded the 
cultures and reality in the region. The interested farmers planted locally available host plants on 
their land and used simple irons and sewing machines to make the silk fabric. They have been 
exporting their final products for a few years  and the organization, CPALI (Conservation for 
Poverty Alleviation, International) that managed the programs has recently started other 
alternative income-generating projects such as rearing of edible insects. The latter activity was 
introduced because silkworms were also found to be edible. Entomophagy is part of the 
Malagasy tradition. The practice of eating insects not only helps in nutrition, thus improving 
food security, but also constitutes a source of livelihood (Gahukar 2012). In brief, conservation 
of forests could not be effective without the active involvement of the local people. 
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CHAPTER 2. HOST PLANT RECORDS OF ANTHERINA SURAKA (BOISDUVAL 
1833) (SATURNIIDAE) IN MADAGASCAR
1 
 
ABSTRACT 
 The larval stage of Antherina suraka (Boisduval) (Saturniidae) consumes leaves of plant 
species from 23 families. These host plant species belong mainly to families in the subclass 
Rosidae, although those in the family Oleaceae and Apocynaceae from another subclass 
(Asteridae) are nearly as numerous as those in the family Rosaceae. Documentation and field 
surveys from 2008 to 2011 in different regions of Madagascar enabled an update of the list of the 
host plants of A. suraka. As few records of host plants exist and no immature stages were found 
in the dry areas, in contrast with other regions of Madagascar, further studies of A. suraka in 
these special ecosystems will provide interesting ecological data. The discovery of several host 
plant species endemic to Madagascar showed that, although A. suraka has adapted to feed on 
non-native species in disturbed sites throughout its range, it remains reliant on native forests. 
Determination of its host availability in each region constitutes an important step in prioritizing 
the conservation of the edges of the remaining endangered forests, as it might help establish 
sericulture that can reduce deforestation by improving the livelihood of local people. 
  
                                                 
1
 The work presented in this chapter has been published as Randrianandrasana et al. 2014, Journal of the 
Lepidopterists' Society, 68 (2): 130- 140. The copyright owner (publisher) has provided permission to reprint. I 
acknowledge the contribution of co-authors in improving the study design, data generation, manuscript preparation 
and/or overall supervision. 
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INTRODUCTION 
 Madagascar, the fourth largest island in the world, located 400 km off the southeast coast 
of Africa, is known for its high biodiversity with an extraordinary level of endemicity (Myers et 
al. 2000). Nearly 80 % of its plants (Schatz 2001) and vertebrates are not found anywhere else in 
the world (Goodman & Benstead 2005) . It was separated 150–160 million years ago from 
mainland Africa and 88–95 million years ago from India (Rabinowitz et al. 1983, Storey et al. 
1995, Wells 2003). Thus, the island has been isolated for 85 million years, which has allowed its 
living inhabitants to evolve independently, giving rise to adaptive radiations in many taxa and 
high levels of endemicity at the genus or species level (Paulian & Viette 2003). In addition, 
biodiversity has been enhanced in relatively recent times by colonization by some living groups, 
including insects such as swallowtail butterflies (Papilionidae) (Zakharov et al. 2004, Condamine 
et al. 2013). The topology ranges from the mountainous central part of the island to the flat 
littoral areas and also features various geological barriers such as rivers, volcanic mountains and 
karsts, which offer additional opportunities for biological diversification. The climate regionally 
differs depending on elevation and the dominant winds. Both the variety of topology and climate 
led to the extremely high diversity of habitats. Thus, authors such as DeWit (2003) have 
characterized Madagascar as a continent.  
 However, this unique biodiversity in Madagascar is severely endangered because of 
destructive practices such as slash-and-burn agriculture, gathering wood for fuel, timber logging 
and mining activities (Mittermeier et al. 1999, Fritz-Vietta et al. 2011). Protecting the forests 
requires integrating local people into conservation projects, as they rely heavily on forest 
resources. Efforts are being made to implement integrated conservation management. One 
solution is to provide a new income stream for local farmers (Marcus 2001), as implemented by 
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a non-governmental organization, Conservation through Poverty ALleviation International 
(CPALI), which works in the Northeast of Madagascar and trains farmers for silk production of 
local species of silkworms, thus reducing overexploitation of the remaining forests of 
Madagascar. 
 Worldwide, the main commercial silk-producing species are the domesticated silkworm, 
Bombyx mori L. (Bombycidae), and several wild silkworms from other families, mainly 
Saturniidae (Peigler 1993). In Madagascar, the Saturniidae or Emperor Moths are important 
primarily for their beauty, attracting insect collectors from around the world, but they have 
surprisingly been unused traditionally for silk production (Peigler 2004). Instead, a species of 
Borocera (Lasiocampidae) commonly called Landibe, has been mainly used throughout the 
country since ancestral times for manufacturing different garments, from funeral shrouds to 
traditional ceremony clothes (Razafimanantsoa et al. 2012). 
This study focused on Antherina suraka (Boisduval, 1833) (Saturniidae), a species endemic to 
Madagascar and the Comoros Islands (Paulian 1951, Griveaud 1961, Viette 1965). Our 
investigation of host plant utilization by this species was restricted to the island of Madagascar, 
where A. suraka has been recently identified as a potential source for commercial wild silk 
production (Razafimanantosoa et al. 2006). 
 Collecting records in the Botanical and Zoological Park of Tsimbazaza (Parc Zoologique 
et Botanique de Tsimbazaza, PBZT) and the French National Museum of Natural History 
(Musée National d'Histoire Naturelle, MNHN) show that A. suraka is widely distributed 
throughout the island. Few specimens of A. suraka in these collections are labeled with any host 
plant data and their exact origins are rarely specified. This lack of information is not surprising 
as most of the specimens were collected as adults at lights, like other wild silk moths observed 
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by Peigler (2004). Adding information about the host plant range of a phytophagous insect will 
aid significantly in understanding its natural history. In the literature, the larvae of A. suraka are 
recorded as consuming leaves of a variety of plant species (Bouvier 1936, Paulian 1951, 
Griveaud 1961, Stone 1991, Kurz 1991, Bowers 1993, Lampe 2010, Meister 2011) growing in 
diverse habitats. Of the plant species mentioned by these authors, only a small percentage were 
recorded from dry areas, although A. suraka is present in both dry and humid areas, two of the 
main types of vegetation in Madagascar. Further field exploration would therefore be necessary 
to complement these host records. 
 Information about host plants is important as it can serve as a tool to locate or rear a 
species for further biological studies or to maintain mass-rearing of the insect for economic 
purposes such as sericulture. Collating the distribution records of all host plants with distribution 
records for A. suraka would provide a versatile and useful tool for implementing conservation 
measures. Nonetheless, circumspection is recommended in this regard as the presence of a host 
species in a region does not necessary imply that the population of A. suraka living there 
optimally utilizes that species. As an example, over 90% of individuals of Rothschildia lebeau 
(Guérin-Méneville) (Saturniidae) recorded in a dry forest in Costa Rica were found living on 
only three species out of the 11 food plants recorded for the species in this region (Janzen 2003). 
Thus, larvae of A. suraka might use an alternative host plant as palatability of leaves might vary 
with altitudinal gradients (Erelli et al. 1998) and environmental conditions such as  light 
availability (Osier & Jennings 2007) and drought (Gutbrodt et al. 2011).  
 The aim of the current study was to update the list of the host plants utilized by A. suraka 
throughout its range by recording larvae consuming leaves in specific regions of Madagascar and 
to collate these records with previous reports. The list of food plants recorded during our study is 
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by no means exhaustive; rather it is an attempt to shed additional light on the natural history of 
A. suraka, a spectacular representative of the endemic fauna that may provide, via silk 
production, a new income opportunity for the riparian farmers, which may help to reduce the 
constant human pressure on the endangered unique forests of Madagascar. 
 
MATERIALS AND METHODS 
 Areas of investigations selected as potential field sites were based on records from 
different authors who captured adults of A. suraka at these locations (Craig 2007, 
Rafamantanantsoa 2005, Razafimanantosoa et al. 2006) and/or from local farmers and field 
biologists who have found the species in these regions. Ten main sites were selected for the 
study (Table 2.1). A map of Madagascar was created using World Light Gray base map from 
ArcGIS® software by Esri, Delorme and Navteq. The sites were plotted on this base map from 
the coordinates recorded in the field using a handheld Global Positioning System (GPS) device 
(eTrex - Garmin Inc.). A refined map of primary vegetation of Madagascar by Du Puy & Moat 
(1996), produced by the Royal Botanical Gardens, Kew, was superimposed on the base map to 
show the distribution of the selected sites across different ecosystems of Madagascar, as 
characterized by different climates. The East Coast, directly exposed to the trade winds, has the 
highest rainfall; the Central Highlands are drier and cooler and the West Coast is considerably 
drier as the trade winds do not reach it sufficiently to provide significant humidity. Thus, parts of 
the Southwest and the Deep South experience extremely low rainfall and are semi-desert areas. 
Consequently, extremely varied vegetation types characterize the island (Figure 2.1): thicket 
vegetation covers the extreme south of the country, savanna woodlands and grasslands with 
patches of dry deciduous forests characterize the west, and these types are separated from the 
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humid evergreen dense forests of the east by chains of mountains along the length of the island. 
Predominant grasslands cover the Central Highlands.  
Eggs, larvae and cocoons of A. suraka were collected from November 2008 to January 
2009, from March to May 2010 and during February and March 2011. Two teams of 
investigators, each comprising two or three entomologists, worked simultaneously at different 
sites during these periods. In addition, local guides assisted the teams during the surveys to 
facilitate investigation of potential habitats and host plants. Larvae were located by inspecting 
feeding damage on leaves of all previously recorded host plants. Vegetative parts of the plant on 
which larvae were found were preserved for identification and use as vouchers, which were 
deposited at PBZT and the California Academy of Sciences (CAS). As the larvae of A. suraka 
pupate in cocoons scattered on the ground, cocoons were collected under dead leaves of known 
or suspected larval host plants or on grasses on the surrounding soil (Figure 2.2). Adults (Figure 
2.3) were captured over a six-hour period (from 21:00h to 03:00h) using light-traps comprising a 
black-light (Bioquip Inc., 2804 AC/DC, 12 volts, 15 watts) powered by a portable automobile 
battery and hung or placed close to a white-sheet screen 2 x 1.60 m in dimensions. Specimens 
were generally killed and stored in glassine envelopes to document the presence of the species in 
the study areas. When females and males were simultaneously captured, they were kept alive and 
allowed to copulate in portable net cages. 
For confirmation of host plants, field-collected larvae were reared in the laboratory on 
foliage of the plants on which they were found by placing them on freshly cut twigs with leaves 
in a container filled with water. Twigs and water were replaced every two to five days depending 
on the species of plant. 
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RESULTS 
 The larvae of A. suraka feed on approximately 44 species of plants belonging to 23 
families in 15 plant orders (Tables 2.1 and 2.2). These species belong mainly in families placed 
in the subclass Rosidae (28), the highest number of species (7) falling in the family Rosaceae. 
Other families of Rosidae were represented by only one but  occasionally two or three species. 
Although only six families of the subclass Asteridae and two of Core Eudicots were accepted as 
hosts, the family Oleaceae and Apocynaceae of Asteridae comprised the second and third highest 
numbers of host plants in term of species (respectively 6 and 4) after Rosaceae. Most of the host 
families listed here for A. suraka are shared food plants with other species of Saturniidae (Collins 
& Weast 1961, Griveaud 1961, Stone 1991, Lampe 2010, Meister 2011). Hostplants of A. 
suraka, Weinmannia sp. (Cunoniaceae) and Eugenia sp. (Myrtaceae) are, for example, hosts of 
the Comet Moth, Argema mittrei (Guérin-Méneville), another Malagasy-endemic species 
belonging to the family Saturniidae (Pinhey 1972, Stone 1991).  
 We found larvae of A. suraka consuming foliage of Weinmannia sp. in the Vohimana 
forest in 2008 (Figure 2.4), but when reared on it in the laboratory they failed to pupate. 
In total, ten species of plants that are endemic to Madagascar were newly recorded as hosts of A. 
suraka (Table 2.3). Leaves of Ischnolepis tuberosa Jum. & H. Perrier (Apocynaceae, 
Asclepiadoideae), a species with toxic latex, as well as Bakerella grisea (Scott-Elliot) Balle 
(Loranthaceae), which is a plant parasite, were eaten by the larvae of A. suraka. Both species 
were found in close proximity to the known host Maesa lanceolata G. Don (Figure 2.5). 
Ischnolepis tuberosa grows on rocks close to M. lanceolata in Anjà. All larvae of A. suraka 
recorded there were feeding on the needle-like leaves of I. tuberosa (Figure 2.6) and all of them 
successfully eclosed as adults when reared on this plant; no larvae were found in Anjà, on the 
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leaves of M. lanceolata during our visit in 2009 but  the local people recorded them on M. 
lanceolata in 2013. The larvae found feeding on Bakerella grisea were on a plant immediately 
adjacent to M. lanceolata at the edge of the rainforest in Ranomafana (Figure 2.7), but they died 
without reaching the pupal stage whereas those feeding on leaves of M. lanceolata easily reached 
the adult stage. It thus appears that a female may have deposited some eggs on the leaves of B. 
grisea by mistake. In December 2008, larvae of A. suraka were found feeding on leaves of M. 
lanceolata and Weinmannia sp. in the Vohimana Forest, but neither larvae nor adults could be 
found in 2010 at the same sites. Definite host species of A. suraka were recorded from the 
northern (Maroantsetra), central (Vohimana) and southern (Ranomafana) parts of the eastern side 
of Madagascar, where the evergreen humid forest lies (Table 2.1). At Karianga, another site in 
the vicinity of a rainforest, no larvae were found on any leaves inspected in November 2008, but 
two A. suraka adults were captured at light and on a tree during the day. 
 In the dry forest of Kirindy, between two and seven old cocoons of A. suraka, the ages 
estimated at about one year post-eclosion, were found among grasses below each of the seven 
plant species discovered as hosts in 2011. Although no larvae were found feeding on the leaves 
of these plants during our surveys, the presence of cocoons at a distance of 0.25-0.75 m from the 
trees or even between their twigs was considered to be evidence that A. suraka feeds on them. 
Adding credence to this association is the fact that larvae of A. suraka typically wander from the 
foliage to the bottom of their host tree to find a suitable substrate, such as grasses or dead leaves, 
in which to spin a cocoon. Because some saturniids may crawl across distances of ten meters or 
more if no suitable substrate near a host tree is encountered, rearing experiments would be 
needed to confirm this putative association between A. suraka and these host tree species. 
 In Isalo National Park and Analalava Forest, where various types of vegetation including 
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dry and rupicolous forests as well as fire-resistant ones such as the Tapia (Uapaca bojeri Baill., 
Phyllanthaceae) forest occur, adults of A. suraka were captured at light in 2010 and 2011 but no 
larvae or cocoons were found on or near possible host plants. Mascarenhasia sp. (Apocynaceae) 
was reported by local villagers in Analalava as a host, but this could not be confirmed as no 
larvae were found feeding on this plant. Adults of A. suraka were recorded from another Tapia 
forest in the Midwest of Madagascar at Ankahalalana (Arivonimamo) in 2001(H. A. 
Razafindraleva pers. com.), but no specimens were captured during our trapping there in March 
2010. 
 
DISCUSSION 
As our study was not exhaustive, further investigations should be undertaken to record all 
of the host plants of A. suraka. We had to select sites taking into account accessibility by road 
and required logistics during the limited time of the year when larvae can be found. Records of 
specimens of A. suraka from the 1940s to 1960s in the PBZT and MNHN insect collections 
indicated that some other sites, including in the far north and south of Madagascar, need further 
investigation to update the distribution area of the species and extend its possible host range.  
The number of host plant species in diverse families recorded shows that A. suraka is 
polyphagous, as are most other species of Saturniidae (Tuskes et al. 1996, Janzen 2003). The 
species shows host preferences that may vary in space and time due to microhabitat differences 
(Janzen 2003) or environmental stresses such as drought and light availability, as mentioned 
earlier. Also, the natural history of A. suraka in dry and sclerophyllous forests is not as well-
known as it is in rainforests. We could not determine the period of the year when the larval 
stages of A. suraka can be found in these particular ecosystems, particularly in Kirindy, 
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Analalava Forest, Isalo National Park and Ankahalalana. Only old cocoons, from which pupae 
were thought to have emerged in the previous year, were found in Kirindy in February 2011. Our 
rough estimation of the life cycle of the species based on the weather conditions and our capture 
of adults in April 2010 led us to expect to find larvae in March, April and May; however, larvae 
would not be expected to survive for extended periods during this season as the leaves of the 
trees in Kirindy Forest would likely already have senesced or fallen at this time of the year.  
All ten newly recorded food plants of A. suraka, seven of them in a dry deciduous forest, 
are endemic species of forests in Madagascar. No local rearing was possible during our stay in 
the dry areas as we could not find local specimens but future projects that involve rearing A. 
suraka on these hostplants would be necessary to determine definitively whether the species can 
complete its cycle on these hostplants. Although some populations of A. suraka have adapted 
well to non-native or naturalized plants, such as Ligustrum sp. (Oleaceae) and other temperate 
plants grown for farming (Kurz 1991, Bowers 1993), this study shows that A. suraka still relies 
on vegetation of native forests in different parts of the island. Forest edges are greatly threatened, 
partly because of slash-and-burn agriculture that tends to encroach upon these ecotones as distant 
land becomes depleted (Styger et al. 2007). As most of the A. suraka larvae and their host plants 
were found at the edges of forests along paths or roads, the species can probably be used as an 
indicator of habitat loss in the riparian zones of forests. In addition, it is evident that human 
disturbance of the surrounding habitats of protected areas can cause more damage within the 
areas than thought before (Laurance et al. 2012). Difficulty in collecting specimens in some areas 
where A. suraka was found in earlier years may indicate a continuing loss of habitat. Slash-and 
burn agriculture surrounding protected areas is so common (Styger et al. 2007, Dirac 
Ramohavelo 2009) that it possibly has an impact on the fauna and flora of most of the study 
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sites. Road construction and other activities related to mining could change the ecotopes of 
forests such as Vohimana, where the same area in which we collected A. suraka turned from an 
abandoned, formerly cultivated hill at the edge of the forest to an open, red-soil area within one 
year. 
 Knowing the geographical distribution of A. suraka and its host plants might help to 
prioritize conservation of forest borders through implementation of silk production activities. 
Sericulture might help not only to conserve the species but also to improve the livelihood of local 
people, reducing overexploitation of the forests by virtue of their greater economic security 
(Razafimanantosoa et al. 2006, Kakati & Chutia 2009, Raina et al. 2011).  
 The organization, Conservation through Poverty Alleviation International (CPALI, 
www.cpali.org) has been working on such a project in Maroantsetra for several years by 
providing a market for the cocoons produced by local farmers. Unlike the common wild silk 
textile, unwoven textiles from individual cocoons sewn together are used by CPALI to make 
sheets for curtains, lampshades and jewelry. All members of a family engaged in silk production 
can benefit from the new silk activities: men and women are involved in planting the host plants 
and rearing A. suraka, and women in particular engage in later processing stages, including 
preparing and sewing the cocoons together. 
 Expanding such activities to other regions will be feasible if more information on the host 
plants of various wild silkworm species is gathered. From the data obtained from this study, we 
suggest that Anjà, Vohimana and Ranomafana are possible areas to establish A. suraka rearing 
projects as the local host plants are already known and the local people are likely to be receptive 
to new work alternatives since they are already involved in other development projects through 
community associations. For the remaining areas that are mainly dry deciduous or sclerophyllous 
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forests, and where A.suraka larvae were difficult to find partly because of high levels of 
environmental stress on the forest, such as frequent forest burns, other alternative conservation 
plans are needed as  these sites with unique ecosystems contain endemic animals and host plants 
at potential risk of extirpation or extinction.  
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TABLES AND FIGURES 
Table 2.1. Sites visited during investigation of Antherina suraka from 2008 to 2011. 
Region  Site Subsite Latitude/Longitude/ 
Altitude 
Year of 
collection 
Evergreen humid forest   
North - 
East 
Maroantsetra Ambalamahogo 
 
-15.354833/49.55575 
/35m 
2010 
  Anantoraka 
 
Vodiriana 
 
Maroantsetra Town 
-15.476/49.661028 
/13m 
-15.553778/49.560778 
/26m 
-15.438914/49.739508 
/10m 
2010 
 
2010 
 
2009 and 
2010 
Central - 
East 
Vohimana 
Forest 
Near the Researcher 
Village 
-18.92147/48.51195 
/792m 
2008, 
2010 and 
2011 
South - 
East 
Ranomafana  
National Park 
Karianga 
Along the National 
Road 
Karianga Town 
-21.258138/47.419027 
/976m 
-22.416667/47.366667 
/263m 
2010 
 
2008 
City green patch   
Central Antananarivo 
City 
Ambatomaro 
 
Ambohitsaina 
 
Ambohimiandra 
 
 
 
-18.91548/47.553083 
/1323m 
-18.92855/47.545217 
/1293m 
2009 and  
2010 
2010 
 
2010 
  
30 
 
Table 2.1. Continued. 
Region  Site Subsite Latitude/Longitude/ 
Altitude 
Year of 
collection 
Rupicolous vegetation (on rocky area)   
South-
Central 
Anjà Forest  -21.85015/46.83545 
/984m 
2009 and 
2010 
Fire-resistant forest   
Midwest Arivonimamo Ankahalalana -19.00814/47.12083 
/1334m 
2010 
 
South-
Central 
 
Isalo National  
Park 
 
Oasis  
 
Mangily circuit 
 
-22.62273/45.35155 
/838m  
-22.5612667 
/45.3705000/ 
 
2010 and  
2011  
2011 
Deciduous dry forests   
South-West Analalava 
Forest 
South Tanambao -22.583916/45.1279833 
/712m 
2010 and 
2011 
South-West Kirindy 
Reserve 
Research Center 
 
-20.0671/44.6574667 
/55m 
2010 and 
2011 
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Table 2.2. Larval food plant species for Antherina suraka recorded from the literature and local 
farmers. Naturalized plants defined as non-native species established in Madagascar and on 
which leaves A. suraka larvae were found, versus non-native species on which they were fed in 
captivity. Classification and origins of the plants compiled from tropicos.org, including the 
Madagascar catalogue (Missouri Botanical Garden, 2013). 
Scientific name  Origin  Family  Location of record Source of record 
  ASTERIDAE   
Mascarenhasia 
sp.  
Native Apocynaceae Isalo/Analalava Information from 
villagers 
Nerium oleander 
L. 
Naturalized Apocynaceae Unmentioned but 
probably in gardens 
mainly in 
Antananarivo 
Bouvier 1936, 
Griveaud 1961, 
Meister 2011 
Strophanthus sp.  Native/ 
naturalized 
Apocynaceae Unmentioned  Griveaud 1961, 
Meister 2011 
Polyscias 
bakeriana (Drake) 
R. Vig. 
Native Araliaceae Maroantsetra CPALI 
Maesa lanceolata 
G. Don. 
Naturalized Primulaceae Vohimana, 
Mantadia, 
Mandraka, 
Ranomafana, 
Ambatofinandrahana 
Griveaud 1961, 
Razafimanantosoa 
et al. 2005, 
Ranaivosolo 
(pers. com.), LRK 
630 (voucher) 
Fraxinus 
pennsylvanica 
Marshall 
Non-native Oleaceae Rearing facility Peigler (pers. 
com.) 
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Table 2.2. Continued. 
Scientific name  Origin  Family  Location of 
record 
Source of record 
Ligustrum sinense 
Lour. 
Naturalized Oleaceae Antananarivo Farmers who rear 
them 
Ligustrum japonicum 
Thunb. 
Naturalized Oleaceae Antananarivo Farmers who rear 
them,  Meister 2011 
Ligustrum 
ovalifolium Haask. 
Non-native Oleaceae Unmentioned Meister 2011 
Ligustrum vulgare L. Non-native Oleaceae Unmentioned Meister 2011 
Syringa vulgaris L. Non-native Oleaceae Rearing 
facility 
Peigler (pers. com.) 
  CORE 
EUDICOTS 
  
Liquidambar sp.  Non-native Altingiaceae Unmentioned Probst (pers. com. 
in Stone 1991), 
Meister 2011 
  ROSIDAE   
Mangifera indica L. Naturalized Anacardiaceae Antananarivo Griveaud 1961 
Rhus typhina L.  Non native Anacardiaceae Rearing 
facility 
Peigler (pers. com.) 
Schinus molle L. Naturalized Anacardiaceae Antananarivo Griveaud 1961, 
Meister 2011 
Carpinus betulus L. Non-native Betulaceae Unmentioned Meister 2011 
Brassica sp.  Naturalized Brassicaceae Unmentioned Griveaud 1961 
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Table 2.2. Continued. 
Scientific name  Origin  Family  Location of record Source of record 
Terminalia 
catappa L. 
Naturalized Combretaceae Maroantsetra CPALI 
Fagus sp.  Non-native Fagaceae Unmentioned Probst (pers. com. 
in Stone 1991), 
Meister 2011 
Quercus sp. Non-native Fagaceae Rearing facility Kurz 1991 
Eugenia sp. Native and 
naturalized  
Myrtaceae Large distribution Griveaud 1961, 
Meister 2011 
Psidium 
guajava L. 
Naturalized Myrtaceae Large distribution CPALI 
Crataegus 
laevigata (Poir.) 
DC. 
Non-native Rosaceae Unmentioned Meister 2011 
Crataegus 
monogyna Jacq. 
Non-native Rosaceae Unmentioned Meister 2011 
Eriobotrya 
japonica 
(Thunb.) Lindl.  
Naturalized Rosaceae Antananarivo Rakotoarisoa pers. 
com. 
Malus 
floribunda 
Siebold ex Van 
Houtte 
Non-native Rosaceae Rearing facility Lampe 2010 
Malus ”hillieri" Non-native Rosaceae Unmentioned Meister 2011 
Prunus sp. 
(plum, cherry) 
Naturalized Rosaceae Rearing facility Kurz 1991 
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Table 2.2. Continued. 
Scientific name  Origin  Family  Location of record Source of record 
Rosa sp.  Naturalized Rosaceae Rearing facility Bowers 1993 
Salix babylonica 
L. 
Non-native Salicaceae Unmentioned Meister 2011 
Salix caprea L. Non-native Salicaceae Unmentioned Meister 2011 
Acer campestre 
L. 
Non-native Sapindaceae Unmentioned Meister 2011 
Litchi chinensis 
Sonn. 
Naturalized Sapindaceae Unmentioned M. Ratsimbazafy 
(pers. com.) 
Vitis vinifera L. Naturalized Vitaceae Unmentioned Meister 2011 
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Table 2.3. Newly recorded food plants of Antherina suraka. Vouchers deposited in Botanical and 
Zoological Park of Tsimbazaza and California Academy of Sciences. 
Scientific name  Family  Location of 
record 
Fieldwork/Life cycle 
status 
Voucher  
 ASTERIDAE    
Ischnolepis tuberosa 
Jum. & H. Perrier 
Apocynaceae Anja January 
2009/Complete 
LRK 629 
Foetidia asymetrica 
H. Perrier  
Lecythidaceae Kirindy  February 
2011/Cocoon found 
under trees 
AS1 
Pyrostria neriifolia 
(Homolle ex Arènes) 
Razafim., Lantz & B. 
Bremer 
Rubiaceae Kirindy February 
2011/cocoons found 
under trees 
AS2 
 CORE 
EUDICOTS 
   
Bakerella grisea 
(Scott-Elliot) Balle 
Loranthaceae Ranomafana May 2010/failed to 
pupate 
No 
voucher 
 ROSIDAE    
Terminalia 
tropophylla H. Perrier  
Combretaceae Kirindy February 
2011/Cocoons found 
under trees 
AS3 
Weinmannia sp. L. Cunoniaceae Vohimana  November 
2008/failed to pupate 
No 
voucher 
Suregada capuronii 
Leandri 
Euphorbiaceae Kirindy February 
2011/Cocoons found 
under trees 
AS4 
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Table 2.3. Continued. 
Scientific name  Family  Location of 
record 
Fieldwork/Life cycle 
status 
Voucher  
Baudouinia 
sollyaeformis Baill.  
Fabaceae Kirindy February 
2011/Cocoons found 
under trees 
AS5 
Grewia cyclea Baill. Malvaceae Kirindy February 
2011/Cocoons found 
under trees 
AS6 
Cedrelopsis grevei 
Baill. 
Rutaceae 
 
 
Kirindy February 
2011/Cocoons found 
under trees 
AS7 
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Figure 2.1. Collecting sites of Antherina suraka (Saturniidae) in Madagascar. Dot colours: red - 
collecting site; light purple - evergreen humid forest (low altitude); green - evergreen humid 
forest (mid-altitude); blue - evergreen humid forest (low mountain); brown - evergreen 
sclerophyllous woodland; dark purple - deciduous, seasonally dry, western forest; tan - 
deciduous, dry, southern forest. Base map from World Light Gray through ArcGIS® software; 
primary vegetation map by Du Puy and Moat (1996). Copyright © Esri and the Royal Botanical 
Garden, Kew, All rights reserved.  
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Figures 2.2. Antherina suraka live cocoon collected among grasses under a host plant. 
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Figure 2.3. Antherina suraka female on alert. 
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Figure 2.4. Antherina suraka third-instar larva feeding on leaf of Weinmannia sp. (Cunoniaceae) 
in Vohimana Forest in Madagascar.  
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Figure 2.5. Antherina suraka final-instar larva on Maesa lanceolata (Primulaceae) in 
Ranomafana National Park.  
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Figure 2.6. Bakerella grisea (Loranthaceae) in Ranomafana National Park, on which larvae of 
Antherina suraka were found but did not survive. 
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Figure 2.7. Antherina suraka final-instar larva on Ischnolepis tuberosa (Apocynaceae) in Anjà 
Forest. 
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CHAPTER 3. INTRASPECIFIC VARIATION IN ANTHERINA SURAKA 
 
ABSTRACT 
 Antherina suraka (Boisduval) 1833 (Lepidoptera: Saturniidae), the Suraka silk moth, is a 
saturniid species endemic to Madagascar and the Comoros Archipelago. Three forms currently 
recognized as the subspecies suraka, australis and comorana differ in geographical distribution, 
body size and color. The goals of this study were to assess the taxonomic status of the A. suraka 
subspecies, and, more broadly, to better understand geographic variation in this species. Records 
from museums and field investigation (2007-2012) showed that A. suraka is widely distributed in 
all bioclimatic zones from dry deciduous to humid evergreen forests. The Folmer region of 
mitochondrial cytochrome oxidase I (the standard for DNA barcoding) was used to test for 
differences among geographic samples of all three subspecies. A Bayesian phylogeny supported: 
1) a western clade comprising the subspecies australis, 2) a clade composed of mainly eastern 
and central specimens plus two western specimens that represent the subspecies suraka, and 3) a 
clade comprising the form comorana. While further studies are needed to understand geographic 
variation in A. suraka (only 43 specimens in limited regions were analyzed), the two Malagasy 
clades do not share haplotypes, indicating that retention of subspecies is justified, although 
requiring some reassignment of populations; division into more than one species may eventually 
be needed. Results of Mantel and partial Mantel tests on ten samples with known host plants 
showed correlations between genetic and geographical distances but not host use. Isolation by 
distance thus seems to be responsible for the observed phylogenetic structure. Regardless of 
exactly how the systematics of these insects is resolved, the presence of three distinct 
populations of A. suraka living in different forested habitats illustrates the importance of 
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conserving the remaining endangered forests in different bioclimatic zones of Madagascar and 
the Comoros Archipelago.  A new inventory of A. suraka throughout the islands would be 
valuable for assessing the severity of deforestation observed in these biodiversity hotspots of the 
Indian Ocean region. 
 
INTRODUCTION  
 Madagascar and the Comoros Archipelago, located off the southeast coast of mainland 
Africa, are part of a biodiversity hotspot in the western Indian Ocean characterized by 
exceptionally rich but also highly threatened biodiversity, with many of the animal and plant 
species  found nowhere else in the world (Myers et al. 2000). Rates of deforestation in this 
region are extremely high and are accelerating due to human population growth accompanied by 
slash-and burn agriculture, logging and other forms of overexploitation of natural resources 
(Harper et al. 2007; Malik 2013; Vieilledent et al. 2013a). Different strategies have been used for 
conserving the remaining forests in these islands, including use of distributions of taxa to 
estimate possible areas of endemism to protect (Kremen et al. 2008; Hawlitschek et al. 2011; 
Vieilledent et al. 2013b) and integrate the local people into conservation strategies (Hackel 1999; 
Birkinshaw et al. 2013). In this study, Antherina suraka (Boisduval, 1833) (Lepidoptera: 
Saturniidae), an endemic species of Madagascar and the Comoros Archipelago (Griveaud 1961; 
Viette 1965), was used as a case study for conservation by focusing on its distribution and its 
diversity. recent interest in A. suraka for sericulture as a component of community-based 
conservation strategies was observed, offering new alternative incomes to local community 
relying on forest resources (Razafimanantosoa et al. 2006; Craig 2007). The use of local plants 
across its distribution for rearing A. suraka was suggested(Randrianandrasana et al. 2014). 
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Sericulture of A. suraka is already an established enterprise in communities in Maroantsetra, 
where the last remaining large evergreen humid forests in Madagascar lie.  
 Historically, three forms, formally designated as subspecies, of A. suraka have been 
recognized (Figure 3.1). The typical subspecies A. suraka suraka, with a wingspan of 105-110 
mm, is located in the central and eastern parts of Madagascar (Griveaud 1961). Another 
Malagasy subspecies, the dwarf form A. suraka australis, was described by Viette(1954) on the 
basis of its shorter wingspan (up to 80 mm), with wing coloration varying from dark (similar to 
the typical subspecies) to a lighter color. It was initially found mainly in west and south 
Madagascar (Griveaud 1961). After recording variations in more numerous samples collected in 
different regions, Griveaud (1961) noticed that, other than in body size and nuances of wing 
color, the morphology of the dwarf form australis was not distinguishable from the nominate 
subspecies suraka. This caused Griveaud (1961) to think that the two forms australis and suraka 
might not be two distinct subspecies as thought before by Viette (1954). Antherina suraka 
comorana, with a larger wing span (125-130 mm) and lighter colors of the wings than the typical 
form, was found in the Comoros Archipelago (Viette 1965). The taxonomy of A. suraka has been 
not clear since the confusion between australis and the nominate subspecies suraka. However, 
we will use these three names of subspecies informally to refer to the three most distinct 
populations.  
 In the course of a study documenting the host plant associations of A. suraka in 
Madagascar (Randrianandrasana et al. 2014), we found consistent variation in host plant use 
among the forms, as has been reported previously (Paulian 1951; Meister 2011). We also noted 
behavioral differences among the forms, including the timing of male attraction to light, an 
attribute that differentiates species in Maltagorea Bouyer, another genus of Saturniidae in 
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Madagascar (Basquin and Rougerie 2009). Males appear at lights at approximately 10 p.m 
(22:00) in the western part of Madagascar (e.g. Analalava, Isalo, and Kirindy) and between 12 
and 1 a.m (00:00 and 01:00) in eastern regions (e.g. Maroantsetra, Vohimana). Thus, slight 
difference in morphology, behavior and other ecological parameters might be indicative of 
cryptic species. To determine whether these forms could be reliably differentiated, we dissected 
and compared genitalia of contemporary specimens from dry forests (Analalava) where australis 
occurs and humid forests (Maroantsetra) where suraka occurs, but no distinguishing features 
could be identified (Unpublished study). We then undertook a study to determine the taxonomic 
status of the three described subspecies with the use of DNA-barcoding. This taxonomic method 
is useful because of its ability to detect significant variation among species in mitochondrial 
DNA (mtDNA) sequences (Hebert et al. 2003, Hajibabei et al.2007). DNA-barcoding, which 
involves sequencing a short (usually 658 base pair) segment referred to as the Folmer region at 
the 5’ end of the cytochrome c oxidase I (COI) gene (Lane 2009), has been used successfully for 
distinguishing between species in many animal groups, including Hymenoptera ( Smith et al. 
2008), and Lepidoptera (Janzen et al. 2005, Hajibabei et al.2006, Basquin and Rougerie 2009, 
Gossner and Hausman 2009). In Saturniidae, it has been used to both confirm (Janzen et al. 
2012) and to refute (Bao-Shan 2009) the existence of cryptic species in problematic taxa. We 
also investigated an additional DNA region, the ribosomal internal transcribed spacer ITS1, but it 
was invariant in all individuals and was dropped from the study. 
 We tested the hypothesis that sequence variation in the mitochondrial COI gene supports 
a phylogenetic tree with three clades corresponding to the three described subspecies of A. 
suraka. We also tested whether genetic differences were caused by ecological characteristics 
such as host use, in which case individuals occurring in the same bioclimatic zones with the 
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same host plants would have similar genotypes and share identical or related COI haplotypes, or 
by geographical distances, in which case populations in geographic proximity would be more 
genetically similar than distant populations. The existence of genetic differences among 
geographical forms of A. suraka utilizing different hosts and/or habitats could provide critical 
information for designing conservation strategies for the remaining endangered forests in the 
western Indian Ocean. Such data could for example be incorporated into multi-taxon analyses for 
conservation prioritization (e.g. Kremen et al. 2008). 
 
MATERIALS AND METHODS 
 We used light traps to collect adult A. suraka from sites located in different regions of 
Madagascar during November 2008 to March 2011. Methods of capture were detailed in 
Randrianandrasana et al. (2014). One leg removed from the collected specimens was preserved 
in 95% ethanol in the field and then kept at -70°C in the laboratory.  
Mapping distribution of specimens 
 Coordinates of A. suraka sites were determined with a handheld global positioning 
system (GPS) device (Garmin Inc.). Locations of dried specimens from the museum collections 
of the Botanical and Zoological Park of Tsimbazaza (ParcZoologique et Botanique de 
Tsimbazaza, PBZT) and the French National Museum of Natural History (Musée National 
d'HistoireNaturelle, MNHN) were added to the new geographic records and mapped to provide a 
new geographical distribution of A. suraka. Mapping techniques were detailed in 
Randrianandrasana et al. (2014). The distribution of A. suraka was grouped according to the 
bioclimate of Madagascar, which is divided into humid, subhumid, dry, subarid and montane 
zones (Cornet 1974).  
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 Several phytogeographic domains (Humbert 1955, Koechlin et al. 1974) characterize 
these tropical bioclimatic zones. The humid zone, within which the evergreen humid forests lie, 
covers almost entirely the eastern coast of Madagascar ranging from Sambava (North) to 
Taolagnaro (South). The sub-humid zone, where the tropical sub-humid forests, sclerophyllous 
and rupicolous vegetation and grasslands occur, consists of the central plateau and mountain 
massifs, Sambirano region, the depression of Lake Alaotra, and enclaves in other bioclimatic 
zones such as Isalo. The dry zone, where vegetation includes dry deciduous western forests, 
savanna woodlands and grasslands, consists of the western plains and plateaus ranging from 
Vohemar (North) to Maromandia (South). The subarid zone, where the spiny desert , 
characterized by dry deciduous southern forest is located, occupies almost the entire South of 
Madagascar. The montane zone consists of the main mountain massifs in the island with an 
altitude exceeding 1800m, namely Tsaratanana, Ankaratra and Andringitra. 
DNA sequencing 
 Samples collected from 2008 to 2010 were sent to the Canadian Centre for DNA 
Barcoding (CCDB). Polymerase chain reaction (PCR) conditions and mitochondrial DNA 
sequencing for analyses were based on the standard protocols for Lepidoptera using cytochrome 
oxidase I (COI) markers (Hebert et al. 2004). Samples from 2011 were sequenced at University 
of Illinois at Urbana-Champaign. We used the same protocols and conditions with slight 
modifications: DNA was extracted from the leg tissues using DNA easy extraction kits (Qiagen) 
for blood and animal tissues. PCR beads (Illustra
TM
PureTaq
TM
 ready-to-go
TM
 PCR beads, GE 
healthcare) containing mainly 1.5 mM Mg++, 50 mM K+, 0.2 mM dNTPs, Taq polymerase, and 
buffer, were used for PCR reactions. Once purified using QIAquickPCR Purification Kits 
(Qiagen), the PCR products were sent to the Keck Center (UIUC) for sequencing via Sanger 
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chain termination reactions (Sanger et al. 1977) using BigDyeTerminator (Applied Biosystems), 
purification and conducting electrophoresis. DNA sequences obtained were edited and 
assembled using Sequencher 5.1 (Gene Codes Corporation) and the BLAST search engine 
(Altschul et al.1997) was used to determine homologous sequences. The sequences were aligned 
and trimmed using Muscle 3.8.3 (Edgar 2004) in order to obtain a uniform length of 654 base 
pairs.  
Gene tree estimation 
 Phylogenetic analyses for COI were performed using MrBayes 3.2.1 (Ronquist and 
Huelsenbeck 2003) with the saturniids Antheraea pernyi Guérin-Méneville (from China), 
Rothschildia triloba W. Rothschild (from Costa Rica), and Bunaea aslauga Kirby (from 
Madagascar) used as outgroups. Phylogenies were estimated using Markov Chain Monte Carlo 
analyses (MCMC). For each gene, a GTR model was run with gamma-distributed rate variation 
across sites and a proportion of invariable sites using 4,000,000 generations, four independent 
runs (four chains each), and sampling trees every 1000 generations. Tracer v1.6 was used to 
compare the log-likelihood plots of the four parallel runs from MrBayes (Rambaut et al. 2013) to 
determine proper combinations of the runs. The first 1,000,000 generations were discarded as 
burn-in. Bayesian posterior probability (PP) of nodes in retained trees (Huelsenbeck et al. 2001) 
was used to assess clade support. Maximum Likelihood (ML) using PhyML 3.1 (Guindon et al. 
2010) was also performed to assess the validity of the Bayesian topology. 
Population structure 
 The pattern of haplotype sharing between regions was determined with Arlequin 3.5 
(Excoffier and Lischer 2010). Haplotype frequency pie diagrams was constructed with 
Phylogeoviz (Tsai 2011). Because the number of individuals sampled at each locality was small 
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(often just one), FST could not be reliably used to measure spatial and host use differentiations. 
Instead, differentiation was assessed using Mantel and partial Mantel tests (Mantel 1967; 
Smouse et al. 1986; Drummond et al. 2010). Mantel tests were used to examine correlations 
among pairwise genetic distances, geographical distances, and host use differences, and also 
using partial Mantel tests to account for any possible spurious correlations. Genetic distances 
between COI haplotypes were estimated using the maximum composite likelihood model of 
nucleotide substitution, with uniform rates and homogeneous pattern among lineages (Tamura et 
al. 2004) in MEGA 6 (Tamura et al. 2013). Geographical distances were determined from GPS 
coordinates using Geographic Distance Matrix Generator 1.2.3 (Ersts 2009). Host use was coded 
such that any two individuals either share the same host species (0) or use different host species 
(1). A third group composed of individuals that have unknown hosts but possibly share hosts by 
virtue of occupying the same ecosystem was given a score of 0.5, assuming that individuals in 
these areas have a 50% chance of sharing the same hosts or using different ones. Mantel and 
partial Mantel tests were performed in zt 1.0 (Bonnet and Van de Peer, 2002) using 10,000 (for 
Mantel tests) or 100,000 (for partial Mantel tests) nonparametric permutations for significance 
testing. Three analyses were performed: Group A with all samples including Madagascar and 
Mayotte island (n=43), Group B without the single sample from Mayotte to see whether it acted 
like an outlier (n=42), and Group C with samples from Madagascar the local host plants of which 
have been already determined. 
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RESULTS 
 Based on specimens collected at our study sites and records in the MNHN and PBZT 
insect collections, A. suraka is widely distributed, found in all bioclimatic zones and vegetation 
domains of Madagascar (Table 3.1) at altitudes varying from approximately sea level to a high 
altitude of 1900 m. By inventorying specimens in museum collections (Figure 3.2) that were 
collected primarily in the 1950s-1970s, we could establish that the typical form A. suraka suraka 
was historically found mainly in the humid and subhumid zones of Madagascar where evergreen 
forests occur, and the dwarf form A. suraka australis in the subarid and dry zones where 
deciduous forests occur. They were collected in the same areas in Des-Français Mountain 
(Antsiranana, North) and Antsingy Forest (Antsalova, West), two sites characterized by dry 
deciduous western forests. From these records, A. suraka australis appears to be mostly 
restricted to the western part of Madagascar, although it was collected in 1961 at 1600m in 
Anjanaharibe (Andapa), a region included in the last remaining evergreen humid forests in the 
northeast, a characteristic habitat of the suraka form. Specimens of A. suraka comorana were 
recorded in all four islands of the Comoros Archipelago in degraded forests or street trees in 
urban areas (Table 3.1).  
Clades within Antherina suraka 
 Sequences of DNA of specimens that we collected from 2009 to 2011 were combined 
with sequences obtained previously from specimens collected by P. Basquin. A total of 43 A. 
suraka individuals were used for molecular analyses (Table 3.2). 
 Three well-supported clades of A. suraka (PP > 90%) were observed in the Bayesian tree 
(Figure 3.3). The other inference method, maximum likelihood, supported the same tree 
topology. Clade A (PP=100%) comprised specimens collected from only the western part of 
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Madagascar (in dry zones and subarid zones). The node separating Madagascar and Mayotte 
(one of the islands of the Comoros Archipelago) was also supported (91.7%), confirming the 
presence of Clade C defining A. suraka in Comoros islands. Clade B (PP=100%) comprised 
specimens collected in all regions visited in Madagascar, located mainly in eastern and central 
parts (in humid and subhumid zones). Two specimens from the western sites Kirindy and Isalo 
were also part of this latter clade. Thus, Clade A and Clade B were both found either 
sympatrically or parapatrically in Isalo as the dry forests and the sclerophyllous forests were in 
proximity to one another, rendering it difficult to determine the original location of A. suraka 
captured by light traps. 
Population structure  
 Thirty haplotypes of the COI region were found among the 43 specimens of A. suraka. 
Nineteen haplotypes were found in the western areas and 12 each in the eastern and central areas 
of the island (Figure 3.4). Clades A and B that were obtained from mitochondrial gene analyses 
previously mentioned had no shared haplotypes. One specimen from Antananarivo (central 
Madagascar) shared one haplotype with Maroantsetra (east Madagascar). This might be due to 
sericultural practices in the two regions. One specimen from Isalo (west Madagascar) also shared 
one haplotype with Anjà (central Madagascar). These two sites are relatively close to each other 
and both have rupicolous vegetation, although Isalo, but not Anjà, has dry and sclerophyllous 
forests. 
 Considering either all samples from Madagascar and from Mayotte island (Group A), or 
just samples from Madagascar, the Mantel tests indicated that genetic differences in the COI 
region of the mitochondrial DNA of A. suraka were correlated with both geographical distances 
and host use (Table 3.3). The partial Mantel tests confirmed these results indicating that the 
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correlations were independent from the control parameters. Results of the Malagasy samples that 
have known host plants only (Group C) also indicated a significant correlation between genetic 
distances and geographical distances. However, it was confirmed through partial Mantel tests 
that thecorrelation between genetic distances and host use was actually due to the correlation 
between genetic distance and geographical distance (i.e., geographical distance is confounded by 
host use) (Table 3.3). In brief, the more far apart  two specimens of A. suraka are geographically, 
the more dissimilar their mitochondrial genes are. 
 
DISCUSSION 
 Analysis of the COI Folmer region in A. suraka supports three distinct clades in the 
species, with multiple haplotypes within the Malagasy clades A and B but no haplotypes shared 
between them. Only one individual from the Comoros Archipelago formed Clade C. Clade A 
comprising western specimens appears to be the form A. suraka australis. Clade B comprising 
mainly eastern and central specimens but including two western ones likely corresponds to the 
form A. suraka suraka. These molecular results confirmed sympatry or parapatry of the two 
forms in Madagascar, an observation consistent with locality information associated with 
museum specimens collected in Antsingy, Des-Francais Mountain, Isalo-Analalava region and 
Anjanaharibe-Maroantsetra region. These regions are in diverse bioclimatic zones, from dry to 
humid areas. However, in museum records, the nominate subspecies was absent in sub-arid areas 
(south Madagascar). The split into three forms could be explained by the sex-biased dispersal of 
A. suraka. Females of saturniids usually do not disperse but mate, oviposit and die at the site of 
emergence, in contrast with the males that can fly long distances to find mates. This sex-biased 
dispersal might have caused low rates of gene flow in mitochondrial genes, as reported in other 
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groups of insects (Sallé et al. 2007, Simonato et al. 2007, Drummond et al. 2010). Significant 
correlations between genetic distances and geographical distances but not host use in this study 
confirmed this spatial isolation of the species caused by female behavior. Characterizing host 
plants specific to each site would provide better resolution to the Mantel tests as contradictory 
results were obtained when all samples or samples with known host plants only were used. Host 
plant identity was unavailable in too many study sites, restricting their category to 0.5 (shared 
ecosystems) instead of shared (0) or unshared (1) host plants for the Mantel tests. Field 
investigation of A. suraka presented challenges in finding host plants of the species in some 
regions, especially dry areas where the biological cycle of the species is not well known 
(Randrianandrasana et al. 2014). 
 As only one marker, the mtDNA COI, was used in this study, further molecular work 
would be desirable to avoid erroneous conclusions (Rubinoff et al. 2006, Smith et al 2008, 
Dasmahapatra et al. 2010). Limitations on the availability of A. suraka specimens for our study 
did not permit more complex studies of population structure that could provide greater insights 
about the origin of the three forms. However, our study aimed to characterize differences in 
genetic, geographic distribution and habitat use apart from behavior and ecological parameters 
within the described subspecies of A. suraka, which are important for conserving species 
diversity and implementing techniques of sericulture specific to each region. Light trapping was 
not optimal for collecting A. suraka as only a small number of males were attracted to the light. 
Finding a proper technique of capture is essential to obtaining sufficient sample sizes to study the 
population structure of the moth in more detail. In addition, more variable markers, such as 
microsatellite loci, would provide much more information on population structure in this moth. 
Using females as lures increased the sample size but using other approaches, such as extracting 
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DNA from any developmental stages or training local people to be parataxonomists for larval 
rearing, as has been done at Área de Conservación Guanacaste in Costa Rica (Janzen and 
Hallwachs 2011), could be very effective.  
 Protection of the extremely diverse habitats of A. suraka in all bioclimatic zones, ranging 
from large dry dense forests in Ankarafantsika and spiny thickets in the south, to large dense 
humid forests in Maroantsetra, is essential to maintain the diversity of the species. Most of the 
localities where A. suraka has been recorded have undergone intense deforestation, such as the 
northeastern part of Madagascar (Allnutt et al. 2013), or have become croplands located only a 
few kilometers from remnants of natural forests, such as Bandrele on Mayotte Island (Pascal et 
al. 2001, DAAF 2012) and Fomboni on Moheli Island (Green 2013). Although the Malagasy 
specimens were collected in major protected core areas and corridors of forests, two important 
zones for biodiversity conservation (Jantz et al. 2014), it is still necessary to promote the species 
as an indicator of habitat loss because its habitats are forested areas that are legally protected but 
still undergo logging, slash-and-burn agriculture and other types of deforestation. In situ 
conservation of remaining forests and ex situ conservation by rearing A. suraka for sericulture in 
humid/subhumid sites using the local host plants will be necessary (Randrianandrasana et al. 
2014). Also, updating distribution records of A. suraka would be important to assess the extent to 
which biodiversity hotspots in the western Indian Ocean have changed by re-collecting in the 
localities where A. suraka was found over a half-century ago and by comparing contemporary 
records with historical data. 
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TABLES AND FIGURES 
Table 3.1. Vegetation types and host plants of Antherina suraka in the bioclimatic zones of Madagascar and the Comoros archipelago. 
Museum specimens were collected in the 1950-70s when larger areas of Madagascar were covered. 
  
Region Study site Host plant use Source of record 
 Humid Zone 
 Northeastern part 
   
Evergreen humid forest 
(mid-altitude) 
Anjanaharibe 
(Andapa) 
Unknown PBZT 
Evergreen humid forest 
(low altitude) 
Maroantsetra Polyscias bakeriana (Drake) R. Vig. 
(Araliaceae) 
Terminalia catappa L. (Combretaceae) 
Fieldwork 2008-
2011 
Mideastern part    
Unspecified Toamasina Unknown MNHN 
Evergreen humid forests (mid-altitude), 
close to semi-deciduous humid forests  
Mandraka Maesa lanceolata G. Don. (Primulaceae) Griveaud 1961 
Evergreen humid forest Mantadia 
(Andasibe) 
M. lanceolata Griveaud 1961, 
Rafamantanantsoa 
2005 
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Table 3.1. Continued. 
 
  
Region Study site Host plant use Source of record 
Evergreen humid forest Vohimana M. lanceolata 
Weinmannia sp. L. (Cunioniaceae) 
Fieldwork 2008 
Evergreen humid forest (mid-altitude) Lakato Unknown Basquin collection 
  Southeastern part    
Evergreen humid forest (mid-altitude) Ranomafana 
 
Maesa lanceolata G. Don. (Primulaceae) 
Bakerella grisea (Scott-Elliot) Balle 
(Loranthaceae) 
Fieldwork  2010 
Evergreen humid forest (mid-altitude) Saharevo Unknown  
Evergreen humid forest (low-altitude) Karianga Unknown Fieldwork 2008 
Evergreen humid forest (low-altitude) Ranomena Unknown Basquin 
collection 
Evergreen humid forest (low-altitude) Befotaka (South 
Midongy) 
Unknown Basquin 
collection 
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Table 3.1. Continued. 
  
Region Study site Host plant use Source of record 
Subhumid Zone    
  Northern part    
Evergreen humid forest (mid-altitude) 
Near by dry deciduous western forest 
(in lower altitude) 
Amber Mountain 
(Antsiranana) 
Unknown MNHN 
Site nearer by a subhumid forest but 
mainly dry deciduous western forests 
in the region 
Anjahakely (North 
Anivorano) 
Unknown Patrick Ranirison 
(pers. com., 2012) 
Evergreen humid forest (mid-altitude) Ambatosoratra 
(Marojejy Massif) 
Unknown MNHN 
Evergreen humid forest (mid-altitude) Ambinanitelo 
(Marojejy Massif) 
Unknown PBZT 
Sambirano part    
Near by humid forests  Maromandia 
(Analalava) 
Mascarenhasia sp. (Apocynaceae) MNHN 
Evergreen humid forest (low altitude) Bekaka Hill 
(Ambanja) 
Unknown MNHN 
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Table 3.1. Continued. 
 
  
Region Study site Host plant use Source of record 
  Central part    
Street trees Antananarivo  Ligustrum sp. (Oleaceae) 
Nerium oleander L. (Apocynaceae) 
Mangifera indica L. (Anacardiaceae) 
Schinus molle L. (Anacardiaceae) 
Eriobotrya japonica (Thunb.) 
Lindl.(Rosaceae) 
Fieldwork 2008-
2010, PBZT 
 
Sclerophyllous woodland (Uapaca 
forest) 
Ankalalahana 
(Arivonimamo) 
Unknown Fieldwork 2010 
Sclerophyllous woodland  (Uapaca 
forest) 
Ambatofinandrahana Maesa lanceolata G. Don. (Primulaceae) Ranaivosolo 
(pers. com.) 
Near by evergreen humid forest (mid-
altitude) 
South 
Ambohimanga 
(Ambositra) 
Unknown MNHN 
Near by evergreen humid forest (mid-
altitude) 
Tsarafidy 
(Ambohimahasoa) 
Unknown PBZT 
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Table 3.1. Continued. 
  
Region Study site Host plant use Source of record 
    
Rupicolous vegetation Anjà (Ambalavao) Ischnolepis tuberosaJum. & H. Perrier 
(Apocynaceae) 
Maesa lanceolata G. Don. (Primulaceae) 
Fieldwork 2009 
Rupicolous vegetation, dry deciduous 
western and riparian forests, 
sclerophyllous woodlands (Uapaca and 
Astropeia) 
Isalo (Ranohira) Unknown Fieldwork 2010-
2011 
Dry deciduous western forest and 
sclerophyllous woodlands (Uapaca and 
Astropeia) 
Analalava 
(Ranohira) 
Mascarenhasia sp. (Apocynaceae) Fieldwork 2010-
2011 
Montane Zone    
Near by high altitude remnants of 
forests 
Ankaratra massif Unknown Basquin 
collection 
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Table 3.1. Continued. 
  
Region Study site Host plant use Source of record 
Dry Zone    
  Northwestern part    
Dry deciduous western forest Des Français 
Mountain 
(Antsiranana) 
Unknown PBZT 
Dry deciduous western forest, 
rupicolous vegetation 
Analamerana 
(Antsiranana) 
Unknown MNHN 
  Midwestern part    
Dense dry deciduous western forest Ankarafantsika Unknown PBZT 
Dry deciduous western forest Antsingy 
(Antsalova) 
Unknown PBZT 
Dense dry deciduous western forest Kirindy 
(Morondava) 
Foetidia asymetrica H. Perrier 
(Lecithydaceae) 
Pyrostria neriifolia (Homolle ex Arènes) 
Razafim., Lantz & b. Bremer (Rubiaceae) 
Terminalia tropophylla (Combretaceae) 
Suregada capuronii Leandri 
(Euphorbiaceae) 
Baudouinia sollyaeformis Baill.(Fabaceae) 
Grewia cyclea Baill. (Malvaceae) 
Cedrelopsis grevei Baill. (Rutacaeae) 
 
Fieldwork 2010-
2011 
Dense dry deciduous western forest Marofandilia 
(Morondava) 
Unknown PBZT 
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Table 3.1. Continued.  
  
Region Study site Host plant use Source of record 
  Southwestern part    
Dry deciduous western forest Lambomakondro (Sakaraha) Unknown PBZT 
Near by dry deciduous forest (western and 
southern) 
Andranovory (Toliara) Unknown MNHN 
Subarid Zone    
Near by dry deciduous southern forest Bekily Unknown MNHN 
Near by dry deciduous southern forest Beomby Unknown Basquin 
collection 
Near by dry deciduous southern forest Ampanihy Unknown MNHN, PBZT 
Near by dry deciduous southern forest Beloha Unknown MNHN 
The Comoros archipelago    
Degraded forest Boboni, Grand Comoro Unknown MNHN 
Degraded forest Nioumbadjou, Grand Comoro Unknown MNHN 
- M'Rémani, Anjouan Unknown MNHN 
- Bandamale, Moheli Unknown MNHN 
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Table 3.1. Continued.  
 
  
Region Study site Host plant use Source of record 
Shrubs and trees near town Fomboni,  Mohéli Unknown MNHN 
Shrubs and trees close to Majimbini 
reserve 
Convalescence, Mayotte 
 
Unknown MNHN 
Shrubs and green patches close to 
Crete du Sud Reserve 
Bandrele, Mayotte Unknown Basquin 
collection 
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Table 3.2. Information on collected specimens of Antherina suraka and its outgroups used for molecular analyses. 
Collection locality Latitude Longitude Elevation 
(m) 
Specimen 
ID 
BIN ID  
              
GENBANK ID 
Collector name Year 
Antherinasuraka        
LA: Lakato -19.187000 48.438000 1100 sapba093 BOLD: 
AAB2822 
P. Basquin 2007 
AK: Ankaratra -19.147000 47.200001 1900 sapba094 BOLD: 
AAB2822 
P. Basquin 2007 
AK: Ankaratra -19.147000 47.200001 1900 sapba095 BOLD: 
AAB2822 
P. Basquin 2007 
LA: Lakato -19.187000 48.438000 1100 sapba096 BOLD: 
AAB2822 
P. Basquin 2007 
BA: Bandrele -12.907000 45.191002 100 sapba097  Turin (P. Basquin) 2007 
BE: Beomby -24.396999 44.514999 200 sapba098 BOLD: 
AAB2823 
P. Basquin 2007 
BE: Beomby -24.396999 44.514999 200 sapba099 BOLD: 
AAB2823 
P. Basquin 2007 
BE: Beomby -24.396999 44.514999 200 sapba100 BOLD: 
AAB2823 
P. Basquin 2007 
BE: Beomby -24.396999 44.514999 200 sapba101 BOLD: 
AAB2823 
P. Basquin 2007 
AZ: Anjozorobe -18.405001 47.877998 1200 sapba102 BOLD: 
AAB2822 
P. Basquin 2007 
RM: Ranomena -23.424000 47.283001 1000 sapba103 BOLD: 
AAB2822 
P. Basquin 2007 
MA: Maroantsetra -15.433300 49.733299 170 samad01 BOLD: 
AAB2822 
M. Ratsimbazafy 2009 
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Table 3.2. Continued. 
Collection locality Latitude Longitude Elevation 
(m) 
Specimen 
ID 
BIN ID  
              
GENBANK ID 
Collector name Year 
MA: Maroantsetra -15.433300 49.733299 170 samad02 BOLD: 
AAB2822 
M. Ratsimbazafy 2009 
MA: Maroantsetra -15.433300 49.733299 170 samad03 BOLD: 
AAB2822 
M. Ratsimbazafy 2009 
MA: Maroantsetra -15.433300 49.733299 170 samad04 BOLD: 
AAB2822 
M. Ratsimbazafy 2009 
TA: Antananarivo -19.300 47.833000 1260 samad05 BOLD: 
AAB2822 
Rakotoarisoa 2009 
TA: Antananarivo -19.300 47.833000 1260 samad06 BOLD: 
AAB2822 
Rakotoarisoa 2009 
TA: Antananarivo -19.300 47.833000 1260 samad07 BOLD: 
AAB2822 
Rakotoarisoa 2009 
TA: Antananarivo -19.300 47.833000 1260 samad08 BOLD: 
AAB2822 
Rakotoarisoa 2009 
TA: Antananarivo -19.300 47.833000 1260 samad09 BOLD: 
AAB2822 
Rakotoarisoa 2009 
TA: Antananarivo -19.300 47.833000 1260 samad10 BOLD: 
AAB2822 
Rakotoarisoa 2009 
VO: Vohimana -18.923700 48.511101 824 samad011 BOLD: 
AAB2822 
M. 
Randrianandrasana 
2008 
AJ: Anjà -21.850100 46.835400 984 samad012 BOLD: 
AAB2822 
M. 
Randrianandrasana 
2009 
AJ: Anjà -21.850100 46.835400 984 samad013 BOLD: 
AAB2822 
M. 
Randrianandrasana 
2009 
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Table 3.2. Continued. 
Collection locality Latitude Longitude Elevation 
(m) 
Specimen 
ID 
BIN ID  
              
GENBANK ID 
Collector name Year 
KA: Karianga -22.416700 47.366699 352 samad014 BOLD: 
AAB2822 
M. 
Randrianandrasana 
2008 
KA: Karianga -22.416700 47.366699 352 samad015 BOLD: 
AAB2822 
M. 
Randrianandrasana 
2009 
IS: Isalo -22.622630 45.351550 838 samad021 BOLD: 
AAB2822     
 
M. 
Randrianandrasana 
2010 
Analalava -22.584017 45.128383 712 samad022 BOLD: 
AAB2823   
 
M. 
Randrianandrasana 
2010 
Kirindy -20.950000 44.216667 125 samad023 BOLD: 
AAB2822     
 
M. 
Randrianandrasana 
2010 
Analalava -22.584017 45.128383 712 samad024 BOLD: 
AAB2823    
 
M. 
Randrianandrasana 
2010 
Ranomafana -21.258138 47.419027 976 samad025 BOLD: 
AAB2822     
 
M. 
Randrianandrasana 
2010 
Maroantsetra -15.438914 49.739508 10 samad026 BOLD: 
AAB2822     
 
M. 
Randrianandrasana 
2010 
Anjà -21.850100 46.835400 984 samad027 BOLD: 
AAB2822  
M. 
Randrianandrasana 
2010 
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Table 3.2. Continued. 
Collection locality Latitude Longitude Elevation 
(m) 
Specimen 
ID 
BIN ID  
              
GENBANK ID 
Collector name Year 
Analalava -22.583900 45.127983 712 mr16 - H. Razafindraleva 2011 
Analalava -22.583900 45.127983 712 mr17 - H. Razafindraleva 2011 
Isalo -22.622630 45.351550 838 mr18 - N. Ramiliarijaona 2011 
Analalava -22.583900 45.127983 712 mr19 - H. Razafindraleva 2011 
Analalava -22.583900 45.127983 712 mr20 - H. Razafindraleva 2011 
Isalo -22.622630 45.351550 838 mr21 - N. Ramiliarijaona 2011 
Analalava -22.583900 45.127983 712 mr22 - H. Razafindraleva 2011 
Analalava -22.583900 45.127983 712 mr23 - H. Razafindraleva 2011 
Analalava -22.583900 45.127983 712 mr24 - H. Razafindraleva 2011 
Isalo -22.561 45.371 - mr25 - A. Raobelina 2011 
Bunaeaaslauga        
Karianga -22.416700 47.366699 352 samad017 BOLD:AAC5969 M. 
Randrianandrasana 
2010 
Vohimana -18.923700 48.511101 824 samad018 BOLD:AAC5969 H. Rakotondrandri-
ambeloson 
2008 
Anjà -21.850100 46.835400 984 samad019 BOLD:AAC5969 M. 
Randrianandrasana 
2009 
Anjà -21.850100 46.835400 984 samad020 BOLD:AAC5969 M. 
Randrianandrasana 
2009 
Rothschildia triloba        
Costa Rica: Alajuela 10.878 - 85.393  - - GU146924.1  Elda Araya      2007 
Antheraeapernyi        
China: Yunnan - - - - EU532613.1 - - 
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Table 3.3. Comparison of genetic distance, geographic distance, and host use of Antherina 
suraka using mitochondrial DNA sequences (COI) through Mantel and partial Mantel tests. 
Comparison r P-value 
Madagascar and Comoros (n=43) 
Genetic distance vs. geographic distance 
 
0.467 
 
< 0.001 
Genetic distance vs. host use 0.459 < 0.001 
Geographic distance vs. host use 0.610 < 0.001 
 
Genetic distance vs. geographic distance (control: 
host use) 
 
0.267 
 
< 0.001 
Genetic distance vs. host use (control: geographic 
distance) 
0.246 < 0.001 
 
Madagascar only (n=42) 
Genetic distance vs. geographic distance 
 
 
0.402 
 
 
< 0.001 
Genetic distance vs. host use 0.439 < 0.001 
Geographic distance vs. host use 0.615 < 0.001 
 
Genetic distance vs. geographic distance (control: 
host) 
 
0.186 
 
< 0.001 
Genetic distance vs. host use (control: geographic 
distance) 
 
0.266 < 0.001 
Madagascar with known host plants only (n=10) 
Genetic distance vs. geographic distance 
 
0.532 
 
0.001 
Genetic distance vs. host use 0.437 0.003 
Geographic distance vs. host use 0.924 0.001 
 
Genetic distance vs. geographic distance (control: 
host) 
 
0.372 
 
< 0.006 
Genetic distance vs. host use (control geographic 
distance) 
Geographic distance vs. host use (control genetic 
 distance) 
-0.168 
 
0.908 
 
0.107
NS
 
 
< 0.001 
   NS:  not significant as P-value  > 0.05 
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Figure 3.1. Dorsal view of the three geographical forms of Antherina suraka: upper left - suraka at Tsarafidy Forest (collector: P. 
Griveaud 1960, PBZT collection): upper right -australis at Ankarafantsika Reserve (unknown collector, 1974, PBZT collection); 
lower middle - comorana in the Comoros Archipelago ( photo and collection from T. Bouyer).
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Figure 3.2. Distribution of Antherina suraka in Madagascar and the Comoros archipelago. 
Specimen in museum (yellow); suraka form (square); australis form (triangle); comorana form 
(hexagon); recently collected during fieldwork 2008-2011(Randrianandrasana et al. 2014)  or 
recorded by other biologists (circle). Dot colors: red - collecting site; light purple - evergreen 
humid forest (low altitude); green - evergreen humid forest (mid-altitude); blue - evergreen 
humid forest (low mountain); brown - evergreen sclerophyllous woodland; dark purple - 
deciduous, seasonally dry, western forest; tan - deciduous, dry, southern forest. Base map from 
World Light Gray through ArcGIS® software(ESRI, DELORME, NAVTEQ); primary 
vegetation map by Du Puy and Moat(1996). Copyright © Esri and the Royal Botanical Garden, 
Kew, All rights reserved.  
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Figure 3.3. Bayesian phylogeny tree of cytochrome oxidase I (COI) gene. Phylogeny estimated by sampling 12,004 trees (4 runs: 
16,000,000 generations, four chains per run, sampling every 1000 trees, burnin = 1000 trees per run). Clade support values are 
Bayesian posterior probabilities (%). The scale bar indicates branch lengths in expected substitutions per site.
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Figure 3.4. Distribution of haplotypes of Antherina suraka in Madagascar and Mayotte islands. 
Base map from Google Earth and pie charts obtained using PhyloVideoGiz.  
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CHAPTER 4. STRUCTURAL AND MECHANICAL PROPERTIES OF COCOONS OF 
ANTHERINA SURAKA 
 
ABSTRACT 
 Antherina suraka (Saturniidae), a species endemic to Madagascar, produces a silken 
cocoon prior to pupation that has been the focus of efforts to create a commercial wild silk 
industry. In this study, structural and mechanical properties of the cocoon of A. suraka were 
measured and compared to the cocoon of the common silkworm Bombyx mori, the source for silk 
in commercial sericulture. Using environmental scanning electron microscopy, I found that the 
cocoon of A. suraka, like those of other saturniids, is characterized by multiple threads with 
crossover points. Tensile strength testing revealed that its silk sheet is less compact, with lower 
tensile strength and stiffness but greater thickness than that of B. mori. An analysis of tensile 
strength, stiffness, thickness, thread and cell sizes (volume and density) showed no major 
differences between silk sheets from two different sites (Kirindy and Isalo) in either structural or 
mechanical properties. However, cells in silk sheets from Kirindy are more irregular in their 
circular shape and hence greater in size than those in silk from Isalo. This difference in cell shape 
did not affect tensile strength. In fact, tensile strength and elastic modulus were significantly 
negatively correlated with thickness; and thread and cell sizes were correlated with thickness. 
Comparison between the two layers forming the cocoon showed that the inner layer has greater 
tensile strength, elastic modulus and thread and cell density but is thinner with smaller thread and 
cell volume. The cell shape of both inner and outer layers was found similar. The results of this 
study indicate that cocoons from both Kirindy and Isalo are suitable for sericulture. Although the 
inner layer of cocoon silk is of higher quality than the outer layer, the fact that both layers are of 
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lower tensile strength than B. mori silk suggests that the current practice of sewing the two layers 
together for making fabric should be continued in efforts to produce a commercially viable 
product. 
 
INTRODUCTION 
 Silk is a proteinaceous fiber composed primarily of fibroin that is produced by a wide 
variety of insects and spiders. Among its many functions, silk, in the form of a cocoon, is used to 
protect the pupal stage, especially in Lepidoptera. This material produced by the domesticated 
mulberry silkworm Bombyx mori L. (Bombycidae, Lepidoptera) has long been a globally 
important article of commerce used for textiles and biomedical purposes (Altman et al. 2003, 
Sutherland et al. 2010). Production of non-mulberry silks from other lepidopterans (Peigler 
1993), particularly in Africa and Asia (Jolly et al. 1979), differs from B. mori silk production in 
that the sources of silk fibers are wild or semi-domesticated. Comparing microstructures of 
cocoons constructed by B. mori and different families of wild silkworms, namely 
Lasiocampidae, Notodontidae and Saturniidae, also showed differences in arrangement and 
spacing of fiber layers (Teshoma et al. 2012). Mechanical properties between wild silk also differ 
(Huang et al. 2008) although silk of some species such as Hyalophora cecropia L. and Actias 
luna L. possess tensile strength similar to that of B. mori (Reddy and Yang 2010, Reddy and 
Yang 2012). 
 The family Saturniidae is widely distributed in Madagascar, but silk produced by 
members of this family is not commonly used for sericulture there. This study focuses on silk 
made by Antherina suraka (Boisduval, Saturniidae), one of several species of wild silkworms 
being evaluated for their potential for commercial silk production (Razafimanantosoa et al. 
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2006). A non-profit organization (Conservation for Poverty ALleviation, International, CPALI) 
has started using A. suraka for silk rearing in Maroantsetra (north-east Madagascar). Little is 
known about the structural and mechanical properties of the species although these properties are 
important for improving production this novel silk. In this study, we examined how the inner and 
outer cocoons from two sites differ in their physical and mechanical properties. As the farmers 
used the non-woven cocoon sheet to make a silk patchwork, our study focused on the tensile 
strength, elastic modulus and the structural properties of the silk sheet instead of on individual 
fibers.  
 
MATERIALS AND METHODS 
 Cocoons of A. suraka and other saturniids, as well as B. mori, were used for the study. 
Cocoons of North American saturniids, Antheraea polyphemus (Cramer), Hyalophora cecropia, 
and Actias luna were provided in February 2011 by breeders from New Hampshire (U.S.A). 
Cocoons of the Malagasy saturniid Argema mittrei (Guérin-Méneville) were collected in 
Maroantsetra (northeast Madagascar) in 2010. Cocoons of A. suraka were collected in 
Maroantsetra (May 2010), Kirindy (west Madagascar - February 2011) and Isalo (south central 
Madagascar - March 2011). Cocoons of B. mori were obtained from larvae reared from eggs 
(Carolina Biological supply in July 2009) on mulberry leaves in the laboratory (Department of 
Entomology, University of Illinois at Urbana-Champaign). 
 To examine the micro-structural properties of the silks, pieces of silk sheets were sputter 
coated with gold and palladium and images were collected with the use of an environmental 
scanning electron microscope (SEM) with a field-emission electron gun (ESEM-FEG; FEI Co., 
Hillsboro OR) in HiVac mode at 5 kV and a spot size of 2.1 nm. This work was performed at the 
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Beckman Institute at University of Illinois (UIUC). The dimensions of the silk fibers were 
measured using ImageJ 1.49h (National Institutes of Health). Vertical and horizontal chord 
lengths of the fiber cross-section were used as parameters to evaluate the fiber size. The chord 
length is the length across the center of the projection area of the cross-section. 
 To test the mechanical properties of the silks, cocoons of A. suraka from Kirindy and 
Isalo were washed with a laboratory detergent, air-dried, and then cut longitudinally with a sharp 
scalpel. The external and internal sheets were separated manually and ironed with a household 
electrical cloth iron to remove wrinkles. The same method is used by the farmers in 
Maroantsetra, except the iron is not electrical but rather is powered by charcoal fuel. Cocoons of 
B. mori were used as controls. The cocoons of B. mori possess many layers that could be 
separated manually in different thickness depending on the objectives of the experiment. They 
were not ironed because the cocoons of B. mori naturally have no wrinkles; ironing them would 
change the color of the fiber and other properties.  
 A dog-bone shaped stencil (25 mm in length, 10mm in width, 20 mm in height) with a 
shoulder at each end (10 mm width) and a gauge width in between (GW, 6mm)was created 
(Figure 4.1). The GW was measured at the shortest length of the dog-bone shape in the middle of 
the gauge length (GL, 10 mm). The dog-bone shaped stencil was designed to allow for uniform 
deformation and failure in the middle section of the sample, a model used in materials such as 
concrete (Roque et al. 2009). This particular shape ensures that the sample will fail due to 
maximum tensile loading (Brosch 2013). The stencil was placed on each ironed cocoon sheet 
and a permanent marker was used to trace around the stencil onto the cocoon sample. The 
cocoon was then cut around the tracing using a laboratory razor. Thickness of the sample was 
averaged by measuring in three locations on the GL with calipers.  
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 Once each dog-bone shaped sample was created, its tensile strength was tested using a 
Bose ElectroForce 5100 BioDynamic Test Instrument with a displacement speed of 0.02 mm/s. 
The load cell limit was 225 N. Two identical grips (40 mm wide and 38 mm tall) were used to 
hold the sample. The stencil and the grips were custom-designed and then fabricated with an 
Eden 350 printer (Objet Technologies, Ltd.) and an ABS-M30i printer (FDM Technologies, 
Ltd.), respectively, using VeroWhite polymer (Stratasys, Ltd.). The GL had to be perpendicular 
to the grips. WinTest 3.0, software from the Bose Company, was used to record load and 
displacement data. The peak strength, i.e., the tensile strength (TS), is the maximum load divided 
by the cross-sectional area (Agnarsson et al. 2010), which is GW multiplied by average 
thickness. The elastic modulus (E), a measure of stiffness, was determined by finding the slope 
of the linear part of the curve before failure and dividing it by the cross-sectional area (Vollrath 
et al. 2001). Both tensile strength and elastic modulus were measured in megapascal (MPa), 
equivalent to meganewton per square meter, which is a measure of force per unit area.  
 Images of the samples were obtained using a Canon EOS-5D Mark III or Mark II camera 
with remote switch and Canon 100 mm Macro IS lens. The image data were examined and 
redrawn as a binary image using Labview 2013 (National Instruments) to facilitate analyses of 
the fibers and the cells forming the cocoon sheets. A cell is defined as the empty closed space 
formed by at least three fibers crossing over at their ends. Properties of the cocoon were then 
measured: density and volume of cells and fibers, and the cell shape factor. The densities of the 
cells or the fibers were determined by counting the numbers of cells or fibers per square 
millimeter. The cell volume was calculated by multiplying the cell area with the thickness of the 
cocoon sheet. The thread volume was obtained by multiplying the component vector of the 
distance between nodes by the diameter of the thread and thickness. A node is defined as the 
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crossover point between fibers. Thus, the distance between nodes is defined as the length of the 
thread, which can be represented by its component vector (d*sin(α), where α is the angle of 
orientation of the fiber relative to the horizontal plane of the silk sheet). The use of a component 
vector (d*sinα) instead of a simple distance (d) is necessary in order to obtain uniform data 
because the fibers are oriented in different angles. The cell shape factor, with a formula (4 * PI * 
Area) / (Perimeter^2), approaches a value of 1 for a circle, 0.78 for a square and 0 for a 
threadlike shape. 
 All statistical analyses were performed using SPSS 22 (IBM). For each cocoon, values of 
each parameter were tested for a normal distribution. Values of parameters that were skewed 
were log-transformed (base ten) for normalization. A t-test was used to compare parameters of 
inner and the outer layers of cocoons and of cocoons from two sites (Kirindy and Isalo). Pearson 
correlations were used to determine pairwise relationships between the parameters. 
 
RESULTS 
 Evaluation of SEM microscope images revealed that cocoon sheets consisted of 
crossover points of multiple threads (Figure 4.2). The cross-section of the thread showed that it 
was composed of either two (B. mori) or multiple (saturniid species) strands that are themselves 
bundles of filaments. The double-stranded structure of B. mori silk (Figure 4.3) is characterized 
by two strands of fibroin glued together by sericin (Sprague 1975).  
 The larger body size of Saturniidae, associated with larger spinnerets, was reflected in the 
size of threads produced. The chord lengths of A. suraka threads were at least five times greater 
than the threads produced by B. mori (Table 4.1). In species of saturniids, this body-spinneret 
ratio was not obvious when comparing the size of the thread that we measured and the wingspan 
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from literature. Silk of A. suraka (tribe Urotini), was similar in thread size to silk of An. 
polyphemus and Ar. mittrei (tribe Saturniini), although A. suraka wingspan were approximately 
two-thirds size of the two other species. The threads of these three species of saturniids were 
three times greater in diameter than the threads produced by Ac. luna (tribe Saturniini) and H. 
cecropia (tribe Attacini), although Ac. luna is similar in wingspan to A. suraka and H. cecropia 
has a greater wingspan similar to that of An. polyphemus (Table 4.1). 
 Correlations between the mechanical and structural features of the silk sheet of A. suraka 
confirmed that the thickness was significantly negatively correlated with the elastic modulus and 
tensile strength (Table 4.2). The other structural parameters were correlated with thickness, 
except for the cell shape factor. The correlations indicated that the cocoon sheet was thinner 
when the cell and volume density was higher and the cell and thread volume lower. This means 
that thinner silk sheets possess more fibers which form tighter meshes. The cell shape factor was 
was correlated only with cell and thread density and with cell volume, as a cell is larger when it 
approaches the form of a circle. 
Thickness measurements showed that the cocoon sheet of A. suraka (0.159, standard 
deviation 0.064) was thicker than that of B. mori (0.043+0.016 mm, s.d.). Results of mechanical 
testing (Table 3) showed that the cocoon sheet of A. suraka (TS= 5.43+2.93 MPa, s.d.; E= 
68.37+44.50 MPa, s.d.) had a significantly lower peak strength (TS) and elastic modulus (E) than 
that of B. mori (TS= 21.94+6.07 MPa, s.d.; E= 350.44+114.82 MPa, s.d.). Thus, B. mori cocoon 
sheet, although fourfold thinner, is fivefold stiffer than that of A. suraka. 
A comparison of cocoons from two different localities, Kirindy and Isalo, did not reveal 
substantial differences in terms of peak stress, elastic modulus, thickness, mean thread volume, 
or cell and thread density (Figure 4.4, Table 4.4). However, the mean cell volume was greater in 
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cocoons from Kirindy than in those from Isalo (Table 4.4). This difference was due to the more 
irregular shape of the Kirindy cells (1.66+62, s.d.), Isalo cells being approximately circular 
(0.9+0.34, s.d.). 
A comparison of inner and outer cocoons, irrespective of source, however, did reveal 
many differences. 
With respect to mechanical properties, the inner cocoons of A. suraka had significantly 
greater peak strength and stiffness than the outer cocoons (Table 4.5). All the structural 
properties were significantly different, except for the cell shape factor, which were similar in 
inner and outer cocoons (Figure 4.5). The inner cocoons had twofold higher cell and thread 
density, and slightly smaller mean cell and thread volume than the outer cocoons (Table 4.5). 
These results were consistent with the correlations between mechanical and structural parameters 
analyzed previously (Table 4.2).  
 
DISCUSSION 
 Cocoons of A. suraka and other saturniids differ in microstructural properties in 
comparison with cocoons of B. mori. SEM images showed that the cocoons of A. suraka 
resemble those of some Caligula spp. (Saturniidae) in showing a looser scaffold structure 
characterized by large pores supported by bundles of fiber. By contrast, the B. mori cocoon is 
characterized by high porosity and weak interlayer bonding. (Chen et al. 2012). Without 
magnification, cocoons of B. mori seem compact because the pores are microscopic but the pores 
in A. suraka are obvious to the naked eye. The compact silk sheet of B. mori had greater tensile 
strength and stiffness than the looser, thicker cocoon of A. suraka. Differences in mechanical 
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properties could be explained by taxonomic origins, fiber arrangement and protein composition 
and structure of the silk fiber (Hayashi et al. 1999, Tokareva et al. 2014).  
 Antherina suraka is only recently been used for sericulture (Razafimanantosoa et al. 
2006) compared to the domesticated B. mori, which has been reared and subjected to artificial 
selection by humans for approximately 5,000 years (Kurin 2002). Bombyx mori produces high-
quality silk that is woven worldwide to make fabrics primarily for clothing. As an entirely 
domesticated species, B. mori spins its cocoon in artificial frames, four-walled wooden structures 
provided by humans that permit construction of compact cocoons. Thus, spacing available for 
spinning probably determines at least in part the form of cocoon. That physical space available 
during cocoon-spinning can influence compactness was demonstrated by Waldbauer and 
Sternburg (1967), who found compact cocoons of a North American saturniid, Hyalophora 
cecropia only on twigs or branches of trees or on higher parts of shrubs, where the larvae could 
find a three-dimensional support on a fork of twigs or by attaching silk to leaves to create a 
closed space for spinning. By contrast, cocoons formed on twigs of shrubs near the ground where 
leaves were absent were looser in structure because there were no space constraints on spinning 
cocoons. 
Among all the structural properties studied, only thickness was correlated to tensile 
strength and elastic modulus: the inner cocoon was thinner with greater tensile strength and 
stiffness than the outer cocoon. A study on B. mori cocoon confirmed that the silk layer became 
thinner but retained a superior protective function when larvae experienced external disturbances 
and/or were forced to spin another cocoon when the first one was removed (Huang et al. 2008). 
External environmental conditions such as temperature, humidity, rain, and wear may perturb the 
larvae when it is constructing the outer cocoon (Ramachandra et al. 2001). An examination of 
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the lasiocampid wild silkworm Gonomestica postica Walker showed that Walker showed that 
whether larvae were reared outdoors or indoors could influence the mechanical properties of the 
fibers (Teshome et al. 2014).  
The Malagasy Saturniidae species in Madagascar, compared to other countries such as 
India, have also great potential for wild sericulture. The cocoon of A. suraka does not possess the 
strength of that of B. mori. However, A. suraka cocoons possess mechanical and physical 
properties that are suitable for use as a raw material for jewelry and for use in sheet form as a 
patchwork fabric for curtains and lamp shades. Turning A. suraka silk into fabric is far less labor-
intensive and time-consuming than silk fiber production from B. mori for weaving, rendering A. 
suraka silk more suitable for rural communities. The shiny brown color of A. suraka silk has 
considerable potential in arts and decorative accessories. The species has already been semi-
domesticated in Maroantsetra but expanding sericulture to other species of Saturniidae, such as 
Argema mittreii with its silvery cocoon and Ceranchia appolina (Butler), the species most 
closely related to A. suraka, with its lighter brown cocoon, would diversify the field of wild 
sericulture in Madagascar. 
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TABLES AND FIGURES 
Table 4.1. Physical dimensions of silk threads of wild and domesticated silkworms measured from images obtained from a scanning 
electron microscope (one thread is composed of 2 or multiple strands that are themselves bundles of multiple filaments). 
 
Species (number of 
individuals) 
Vertical chord length  
(µm) 
 Mean (SD) 
Horizontal chord length 
(µm) 
 Mean (SD) 
Wingspan of the species 
(mm) 
Saturniidae (tribe Urotini) 
Antherina suraka (5) 35.93 (13.81), n=10 91.33 (35.76), n=41 80-140 * 
Saturniidae (tribe Saturniini) 
Actias luna (1) 13.07 (3.19), n=4 40.03 (9.73), n=9 95-135** 
Antheraea polyphemus (1) 32.44 (0.84), n=2 87.54 (19.38), n=11 110-150**  
Argema mittrei (1) 44.10 (36.09), n=2 106.89 (23.94), n=2 130-200* 
Saturniidae (tribe Attacini) 
Hyalophora cecropia (1) 11.00 (5.15), n=5 34.69 (14.41), n=5 110-150** 
Bombycidae 
Bombyx mori (1) 
 
6.76 (0.01), n=2 
 
14.66 (3.58), n=11 
 
40-50*** 
n: number of threads measured per sample.  
* Griveaud 1961; ** Bouseman and Sternburg 2002; *** Encyclopaedia Britannica 
 
 96 
Table 4.2. Pearson correlations between mechanical and structural features of Antherina suraka silk sheet. 
 Thickness Modulu
s 
Stress Cell 
density 
Thread 
density 
Cell 
volume 
Thread volume Cell 
shape 
factor 
Thickness 1        
Modulus -0.487** 1       
Stress -0.368* 0.852** 1      
Cell density -0.378* 0.127 0.163 1     
Thread density -0.384* 0.112 0.174 0.987** 1    
Cell volume 0.557** -0.247 -0.275 -0.815** -0.830** 1   
Thread volume  0.895** -0.268 -0.149 -0.631** -0.624** 0.625** 1  
Cell shape 
factor 
0.084 -0.069 -0.212 -0.805** -0.812** 0.852** 0.236 1 
** Correlation significant at P < 0.01 level 
* Correlation significant at P < 0.05 level 
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Table 4.3. Features of cocoon sheets of Antherina suraka (n=33) and Bombyx mori (n=10). 
Cocoon feature 
(unit) 
Antherina 
Mean (SD) 
Bombyx  
Mean (SD) 
t-test  
Stress (in MPa) 5.43 (2.93) 21.94 (6.07) t= -8.32, df=10.30, P= 0.00**. 
Elastic modulus (in 
MPa)
 
68.37 (44.50) 350.44 (114.82)  t= -7.95, df=11.02, P = 0.00** 
Thickness (in mm) 0.16 (0.06) 0.04 (0.02) t= -9.99, df=46, P = 0.00** 
** Significant difference at P <0.01 level 
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Table 4.4. Mechanical and structural features of cocoon sheets of Antherina suraka collected in 
Kirindy and Isalo. 
Feature Kirindy 
Mean (SD) 
Isalo 
Mean (SD) 
T-test  
Tensile strength (in MPa) 4.71 (2.31) 6.03 (3.30) t= -1.31, df=31, P = 0.20 
Elastic modulus (in MPa)
 
69.13 (35.25) 67.74 (52.00)  t= 0.09, df=31, P = 0.93 
Thickness (in mm) 0.15 (0.57) 0.17 (0.07) t= -0.70, df=31, P = 0.49 
Cell density
 
4 (2) 5 (1) t= -1.23, df=31, P = 0.23 
Thread density 9 (4) 11(4) t= -1.60, df=31, P = 0.12 
Cell volume (in mm
3
) 0.02 (0.01) 0.012(0.01) t= 2.56, df=20.02, P = 0.02* 
Thread volume (in log10) -1.92 (-0.39) -1.79(-0.30) t= -1.05, df=31, P = 0.30 
Cell shape factor 1.69 (0.63) 0.88 (0.34) t= 4.56, df=29, P = 0.00** 
* Significant at P <0.05 level 
** Significant at P <0.01 level 
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Table 4.5. Mechanical and structural features of the internal and external cocoon of Antherina 
suraka. 
Feature of cocoon layer Internal 
Mean (SD) 
External 
Mean (SD) 
T-test  
Tensile strength (in MPa) 6.57 (3.41) 4.36 (1.92) t=2.27, df=23.30, P = 0.03* 
Elastic modulus (in MPa)
 
87.57 (47.54) 50.30 (33.56)  t=2.62, df=31, P = 0.01* 
Thickness (in mm) 0.11 (0.04) 0.21 (0.04) t= -6.61, df=31, P = 0.000** 
Cell density
 
5 (1) 4 (2) t= 2.83, df=31, P = 0.01** 
Thread density 12 (3) 8 (4) t= 2.70, df=31, P = 0.01* 
Cell volume (in mm
3
) 0.01 (0.01) 0.02 (0.01) t= -4.34, df=19, P = 0.00** 
Thread volume (in log10) -2.11 (-0.26) -1.60 (-0.20) t= -6.38, df=31, P = 0.00** 
Cell shape factor 1.06 (0.35) 1.44 (0.76) t= -1.68, df=18.94, P = 0.11 
* Significant at 0.05 level 
** Significant at 0.01 level 
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Figure 4.1. Stencil used to cut a piece of silk sheet for tensile strength testing (size in mm): top 
and lateral views of the stencil (top left); top view (top right); lateral view (bottom right). GL: 
gauge length; GW: gauge width. 
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Figure 4.2. Images collected through environmental scanning electron microscope: a piece of 
cocoon of Antherina suraka (Saturniidae) with multiple threads forming nodes (upper image), 
cross section of a thread (lower image). 
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Figure 4.3. Images collected through environmental scanning electron microscope: a piece of 
cocoon of Bombyx mori (Bombycidae): degummed simple thread (upper image), cross-section of 
a thread (lower image).  
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Figure 4.4. A tensile strength testing instrument (Bose Inc.) where the dog-bone shaped sample 
of Antherina suraka cocoon is held at their two extremities by two squared grips (far left image). 
Magnified view of intact samples (from Kirindy or Isalo, Madagascar) at the beginning of the 
tensile strength testing (right images). 
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Figure 4.5. Images of dog-bone shaped samples of Antherina suraka cocoons collected in 
Kirindy (Madagascar): inner layer (left);outer layer (right). The images show the samples at the 
beginning of the tensile strength testing. 
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CHAPTER 5. EDIBLE NON-CRUSTACEAN ARTHROPODS IN RURAL 
COMMUNITIES OF MADAGASCAR
2
 
 
ABSTRACT 
 Entomophagy, the practice of eating insects, is not new in many countries, 
including Madagascar, where insects have long been part of culinary traditions. 
Promoting this practice would help in enhancing food security as insects are nutritious 
and affordable for a large segment of the population. Because eating insects is also 
associated with rural life, we conducted a survey in different rural communities of 
Madagascar from April to June 2013. Diversity of edible non-crustacean arthropods was 
assessed for each site using the number of times names of arthropods consumed were 
mentioned by each household. Approximately 65 morpho-species in different 
developmental stages from seven orders of insects, including Hemiptera, Coleoptera, 
Lepidoptera, Orthoptera, Hymenoptera, Odonata and Mantodea, and two orders of 
arachnids, including Araneae and Ixodida, were recorded as the most frequently 
consumed arthropods during the survey. Preference rankings differed among sites, 
possibly depending on the availability of the edible insect species; information on 
seasonal availability was also recorded from the informants. When comparing factors 
influencing food security in rural areas, we noticed that most of the edible species were 
found between October and March, a time associated with what is known as the lean 
season and elevated food prices. This pattern demonstrates the importance of 
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of Ethnobiology. The copyright owner (publisher) has provided permission to reprint. I acknowledge the 
contribution of co-authors in improving the study design, data generation, manuscript preparation and/or 
overall supervision. 
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entomophagy in food security as Malagasy farmers rely heavily on their subsistence 
crops for their living. Making a concerted effort to rear selected edible insects at a 
marketable level and to combine this effort with other insect-based activities such as 
sericulture would further improve food security. Promoting the importance of ethno-
entomology would be ultimately leading to more effective sustainability of edible insects 
and conservation of forests in Madagascar. 
 
INTRODUCTION 
 With the rapid growth of the global human population and threats of insufficient 
food resources for the future, entomophagy, the practice of eating insects, has been long 
suggested as a component of strategies to improve food security (Gahukar 2011; Huis et 
al. 2013; Meyer-Rochow 1975; Ramos-Elorduy 1990). Insects are nutritious food, mainly 
because of their high content of proteins, fats and minerals (Barsics et al. 2013; Huis 
2003; Malaisse 2005; Ramos-Elorduy 1997; Yhoung-aree 2010,). They are also 
affordable, because many species can be gathered using low-technology tools and 
because their price in the marketplace is generally not high relative to other protein 
sources. Entomophagy is not a new practice, particularly in Asia, Africa, the Americas 
and Australia, where people have long consumed insects and other arthropods as they do 
any other kinds of meat, although beef, pork and poultry are now considered 
conventional food in westernized societies. 
 We focused our study on entomophagy in Madagascar, an island off the southeast 
coast of Africa, where the inhabitants are Malagasy people who are an admixed 
population with Sub-Saharan African and Southeast Asian ancestry (Hurles et al. 2005; 
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Tofanelli et al. 2009), thus offering blends of cultures that embrace entomophagy. Fried 
locusts and grasshoppers as well as roasted silkworm pupae have been known as 
delicacies on the island for over 75 years (Bodenheimer 1951; Decary 1937). That Queen 
Ranavalona II (1829-1883) kept a group of women only to gather locusts, apart from 
hunters and fishermen (Camboué 1886), illustrates the importance of entomophagy for 
Malagasy people, at least in the past.  
 Entomophagy as a dietary practice is associated with rural life in Madagascar, as 
edible insects are mostly gathered in rice fields or forests but not reared, except for 
certain species of silkworm used primarily for sericulture. However, many farmers 
currently experience difficulties in terms of drought, property right disputes and 
antiquated agriculture practices that lower crop yields (Badjeck et al. 2013). Poverty has 
lingered in many parts of the country, where the poorest farmers are not able to consume 
as much meat as they would like but instead subsist on rice as the staple food, along with 
some vegetables; thus, lack of diversity of food and shortages of animal proteins and 
dairy products are the main problems they face in terms of nutrition (Badjeck et al. 2013).  
 In Madagascar, about 32 edible species from different orders are recorded in the 
published literature (Jongema 2012). This richness in edible species is explained in part 
by the ancestral origin of Malagasy people involving blends of cultures that embrace 
entomophagy, as already mentioned. Also, Madagascar is known for its exceptional 
tropical natural biodiversity (Myers et al. 2000), characterized by the presence of 
different species in different types of ecosystems. A decrease in a cultural emphasis on 
entomophagy (Gade 1985), an inability to gather sufficient quantities to meet local 
community needs, or unavailability of edible species due to loss of habitats from slash-
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and-burn agriculture and overexploitation of forests are all possible reasons that edible 
insects have not been widely utilized as food despite their nutritional quality. These 
different possibilities led us to examine entomophagy and its current status more closely 
by updating information about the diversity of edible insects and other non-crustacean 
arthropods in Madagascar.  
 Our study aimed to record insects and other non-crustacean arthropods that 
Malagasy people in a particular region consume and to assess whether edible species 
diversity and the mode of consumption vary among regions, in view of the fact that each 
region possesses its unique ecosystems, local cultures, and economic activities. Seasonal 
availability of the insects was also recorded in order to determine whether entomophagy 
is important in the yearly diet of the people in the studied regions. Information about 
entomophagy obtained from this study can be useful for designing strategies to utilize 
edible insects for future development projects, such as promoting certain species as food 
to enhance protein nutrition to improve food security and community-based conservation 
in Madagascar. 
 
MATERIALS AND METHODS 
 A survey of local people was conducted in order to study the importance and the 
diversity of non-crustacean edible arthropods in Madagascar. Malagasy was the language 
of communication during the survey as Malagasy people share the same language, with 
several similar dialects, spoken by approximately 18 ethnic groups. Although each ethnic 
group has its particular traditions, many customs and ways of life are shared, such as 
using mainly rice as a staple food and zebu cattle? for different celebrations. We 
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restricted our study to rural communities as more than half (67.4%) of Malagasy people 
live in rural areas (Food and Agriculture Organization 2013a). 
 An average of 26 heads of households, ranging between 18 and 64 years old, 
either the father or the mother, were interviewed door-to-door via a zigzag pattern, a 
modified method from Razafimanahaka et al. (2012). We interviewed only heads of 
households because we assumed that family members traditionally share the same daily 
meals,  individual diet preference among the members notwithstanding. Thus, 
investigating heads of households would be equivalent to seven times more informants, 
implying a total of approximately 130 informants per site, because the number of children 
for each Malagasy mother was estimated at an average of 4.8 in 2009 (Institut National 
de la Statistique and Inner City Fund International 2010). To evaluate the demographic 
size of each site, we counted the number of houses, which is equivalent to the number of 
households in our study as it was difficult to obtain the exact population size in a 
particular small town or village. One exception was Maroantsetra, where the exact 
number of inhabitants for each sub-site was found in a document from the Ministry of 
Population (2010). 
 We usually started the survey early in the morning before people left the village 
for work, or in the late evening when they returned home. The interview was undertaken 
face-to-face, using a questionnaire that we filled out to avoid any discomfort or 
impression of test-taking. The informants were literate (mostly at the elementary level) as 
they had to read and sign a consent form for the survey. The questionnaire solicited 
information about insects consumed by members of the household, including names, 
stages, modes of collection and preparation, and availability during the year. All 
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questions in the questionnaire were answered. If available, colored photographs of the 
main species listed in Jongema (2012) were shown to interviewees to facilitate 
description of the species and to record at least the family or the order of the insect 
consumed. These photographs proved useful in that only some specimens mentioned by 
the informants could be collected by any members of the family or by us and our field 
assistants accompanied by a local villager. We identified the captured arthropods through 
keys or by comparison with specimens in the insect collection of the botanical and 
zoological park of Tsimbazaza (PBZT) . Scientific names were confirmed at the website 
of the Global Biodiversity Information Society (2014). The relative importance of the 
non-crustacean edible arthropods was evaluated by quantifying the number of times their 
names were mentioned by the informants. Data were analyzed using descriptive statistics 
(SPSS 22.0). 
 All sites were towns or villages located in the general vicinity of forests and 
sericulture centers, with a range of variation in ecosystem characteristics, cultural values 
and human activities. Sericultural activities were especially taken into consideration 
because they can be combined with remunerable activities associated with entomophagy 
(Schabel 2006). Extensive agriculture for subsistence, mainly growing rice and raising 
zebu cattle, were the major activities in all sites. Other crops such as cassava, corn, and 
sweet potato were also grown in most of the regions. 
 The study sites were located in the highlands of Madagascar, including 
Ambatofinandrahana and Anjà, and the littoral areas, including Mahabo, Maroantsetra 
and Vatomandry (Figure 5.1). Each site was composed of sub-sites, ranging from two to 
five villages. In total, heads of 437 households were interviewed in 17 villages or towns 
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in the five sites. Fewer than 1% of the heads of households denied our request for an 
interview because they insisted on payment. To facilitate localization of each site, 
Antananarivo, the capital of Madagascar, which is situated in the center of the island, was 
chosen as a point of reference.  
 The two sites in the highlands, Ambatofinandrahana and Anjà, are both in the 
province of Fianarantsoa, which is the region populated by the Betsileo ethnic group. 
Ambatofinandrahana is located 333 km south Antananarivo and 67 km from Ivato, an 
intersection between National Road No. 7 that winds south to Anjà site and the National 
Road No. 35 that leads west to the Mahabo Morondava site. The survey in 
Ambatofinandrahana was conducted in three sub-sites, interviewing 30 heads of 
households each: Ambatofinandrahana Town (North part of the town, close to crop 
fields: 692 houses), Ambatomenaloha (47 houses) and Tetikanana (152 houses). 
Ambatofinandrahana is one of the regions in Madagascar where endemic fire-resistant 
forests are found. They are dominated by Uapaca bojeri Baill. (Phyllanthaceae) trees, 
known locally as tapia, and hence they are called tapia forests. Because the wild 
silkworm, known as landibe, commonly used for traditional sericulture in the country, 
Borocera cajani Vincent (Lasiocampidae), lives on tapia trees, the site is well known for 
its traditional silk production (Paulian 1953; Rakotondrasoa et al. 2012). Mining also 
constitutes one of the main activities in Ambatofinandrahana, where marble, granite and 
various minerals form its rocky soils (Praszkier 2010). 
 The other Betsileo site, Anjà, is located along National Road No. 7, at 468 km 
south Antananarivo and 12 km south Ambalavao, another important sericultural center in 
Madagascar. Five villages were chosen for the survey, namely the two twin villages 
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Ambalalova-Bevolotara (92 houses) and Mandrabary-Amontavoloina (90 houses), and 
Ankadidisa (95 houses), where, respectively 17, 18, and 38 heads of households were 
interviewed. They are all situated in the borders or close to the granite outcrops covered 
by rupicolous vegetation, between which relicts of forests lie. Ring-tailed lemurs, Lemur 
catta Linnaeus (Lemuridae), inhabit these unique remnants of forests. Also, the bedrock 
itself offers a spectacular historical scene because of the tafonies, which are caves, high 
up on the slopes of the rocks, used as the Betsileo king's sacred tombs in the past or as 
places of refuge during periods of persecution. Ecotourism has been a recent source of 
income for the local people, who were previously mainly subsistence farmers (Nyamulisa 
2012; United Nations Development Programme 2013). 
 Three sites were visited in littoral parts of Madagascar. Mahabo is located 45 km 
from Morondava and 649 km southwest of Antananarivo, near the littoral West in the 
Menabe region. Three villages, all along National Road No. 35, were visited: Bezezika 
(337 houses), Manamby (360 houses) and Mihary (219 houses), where, respectively, 23, 
21, and 22 heads of households were interviewed. As Mahabo lies along fluvial plains, 
agriculture is very important, especially rice and cotton, along with fishing and zebu 
cattle ranching (Rakotoarivelo 1970). Also, ecotourism and wood logging are important 
(Delaporte et al. 1996), due to proximity to the Kirindy reserve and its spectacular avenue 
of baobab trees. No silk production activities were observed in the study sites, although 
species of wild silkworms were noticed in the neighboring forests (Randrianandrasana et 
al. 2014). The Sakalava are the majority ethnic group of the Menabe region, but some 
other ethnic groups from other parts of the country, including the Antaisaka, Betsileo, 
Antandroy and Korao, are found in Mahabo (Rakotoarivelo 1970). In the littoral East, 
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where the Betsimisaraka are the majority ethnic group, two sites, Maroantsetra and 
Vatomandry, were visited. Apart from rice and subsistence crops, cash crops such as 
vanilla, coffee and clove are grown in the region. The first site visited was Maroantsetra, 
where most of the large remaining dense rainforests in Madagascar are found. It is 
located in the northeast of the country, 451 km from Antananarivo. Two villages were 
chosen as sub-sites: Ambodivoangy (1301 inhabitants, Malagasy Ministry of Population 
2010), located along the Antainambalana river on the border of the Makira reserve, 21km 
northwest of Maroantsetra Town, where 24 heads of households were interviewed and 
Mahalevona (9591 inhabitants, Malagasy Ministry of Population 2010), on the border of 
Masoala National Park, 19 km east of Maroantsetra Town, where 38 heads of households 
were interviewed. They are recent sites of novel sericulture using Antherina suraka 
(Boisduval) (Saturniidae), producing silk that has not been used until very recently in the 
region (Craig 2007). Apart from agriculture, forestry, ecotourism and logging are the 
main activities in Maroantsetra. The second site, Vatomandry, is situated on the path of 
the Pangalanes Canal and National Road No. 11, 271 km northeast of Antananarivo. Four 
sites--Ambalamangahazo (280 houses), Antanambao (400 houses), Ampaho (444 houses) 
and Sahabe (102 houses)--were visited, where, respectively, 21, 22, 43, and 16 heads of 
households were interviewed. No major silk-producing activities were observed in that 
region. Apart from agriculture, Vatomandry has become one of the closest seaside resorts 
for the inhabitants of Antananarivo since the main road was repaired recently (Integrated 
Regional Information Network Ed. 2006).  
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RESULTS AND DISCUSSION 
 The survey conducted from March to June 2013 in five study sites, in the 
highlands and littoral parts of Madagascar, showed that Malagasy people in rural areas 
still consume insects as did older generations. From an average of 26 heads of households 
interviewed for each sub-site, our current studies revealed 2,512 arthropods identified to 
65 morpho-species, differentiated by their common names, belonging to seven orders of 
insects and two orders of arachnids. Among these 65 morpho-species, 53 were later 
identified to species, a greater number than the 32 species of insects recorded as dietary 
items in Madagascar by Jongema (2012). This finding cannot be regarded as evidence of 
greater consumption of insects by current informants in comparison with older 
generations because of uncertainties over identifications; one common name can be used 
for two different species, e.g., or vice versa, two common names for one species. 
Entomophagy in Madagascar Compared to the World 
 Although results from the five sites in this study could not be considered as 
representative of an entomophagy trend for the entire country, we compared the number 
of edible species consumed in Madagascar from our survey with those compiled by 
Jongema (2012) in the world, and in two biogeographic realms where the Malagasy 
ancestors originated, the Indo-Malayan and Afrotropical zones (Table 5.1). In this 
comparative study, we used only the 53 identified species instead of the 65 morpho-
species recorded in order to obtain uniformity of data recording in our study and the other 
regions of the world. We noticed that Coleoptera were most widely consumed in the 
world (31%) and in the Indo-Malayan region (48%) as in Madagascar (36%), although 
beetles were less frequently consumed in sub-Saharan Africa (third most widely 
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consumed, 16 %). Insects in the order Hemiptera comprised the second most frequently 
consumed group in Madagascar (23%), but species in this order were not as important in 
the world at large (10 %) and in either the Indo-Malayan region (11%) or sub-Saharan 
Africa (9%). Lepidoptera comprised species that were the most frequently consumed in 
Sub-Saharan Africa (34%), ranked second after Coleoptera worldwide (18% and third in 
Madagascar (17%), but this order ranked only seventh most consumed in the Indo-
Malayan region (4%). Orthoptera, although second most frequently consumed in the 
Afrotropical region (24%) and in the Indo-Malayan region (16%), was ranked fourth 
worldwide (10%) and in Madagascar (9%). Although insects in the order Hymenoptera 
(14%) were the third most frequently consumed worldwide, they were less important than 
the previously mentioned orders in the Oriental region (7%) and sub-Saharan Africa 
(5%), including Madagascar (4%). Termites (belonging to Blattodea), consumed in both 
sub-Saharan Africa (8%) and Indo-Malaya (3% as separated from other groups in 
Blattodea), were surprisingly not regarded as edible insects despite their abundance in the 
south and west of the island; rather, they were used for feeding poultry and domesticated 
pheasants (Decary 1950). This comparison showed that the Malagasy people in our study 
preferred arthropods in the same groups as those consumed worldwide although they eat 
more species of Hemiptera than Hymenoptera. The entomophagy trend of Malagasy 
people also reflected their admixed ancestors' tastes as they preferred Lepidoptera and 
Coleoptera as do other people respectively in Afrotropical and Indo-Malayan regions. 
 By recording the number of times each common name was mentioned by the 
informants, rather than the species of arthropods, we could improve the accuracy of 
rankings of preferred edible arthropods. As an example, edible species in Hemiptera were 
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found more widely consumed than Coleoptera (Figure 5.2), the two most important 
edible insect orders in the five sites studied in Madagascar (Table 5.2). The third most 
frequently consumed insects were species in the order Lepidoptera. The order ranked 
second in Ambatofinandrahana and third in Maroantsetra, two regions known for 
sericulture of wild species. The pupae of B. cajani were commonly consumed in 
Ambatofinandrahana. One of the reasons stated by the informants who do not consume 
silkworm pupae in this region was that they did not want to risk ruining their sericultural 
activities. In Maroantsetra, the sites were close to dense forests where wild pupae of 
Hypsoides spp. (Notodontidae) could be easily collected (Ranaivosolo and 
Randrianandrasana 2008). 
 Species of Orthoptera, the fourth most frequently consumed group, were 
mentioned mainly by informants in Ambatofinandrahana, Anjà and Mahabo, where 
invasions of locusts (Acrididae), Locusta migratoria capito Saussure and Nomadacris 
septemfasciata Audinet-Serville, periodically occur (Office for the Coordination of 
Humanitarian Affairs 2013). Technically, immature locusts are generally controlled with 
pesticides when their populations outbeak to protect crops, but people consumed them 
when they were not treated with pesticide. That was the case for 2012 and the first half of 
2013, as the favorable climate conditions and political instability, starting in 2009, 
impeded locust control treatment (Food and Agriculture Organization 2013b). The 
locusts were not really known as edible insects in the northeastern part of Madagascar, 
such as Vatomandry and Maroantsetra, where there was no infestation. Only informants 
who have traveled to infested neighboring areas, such as Mandritsara and the southern 
part of the island, had tried them fried or cooked by local people.  
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 Praying mantises (Order Mantodea), called famakiloha or tsipeko and including 
Paramantis viridis Saussure (Mantidae), were consumed when encountered by only a few 
people in Anjà. The only Hymenoptera species consumed in larval and pupal stages were 
recorded in Vatomandry and included honey bees and wasps. Thus, Hymenoptera species 
are still consumed in restricted areas of Madagascar, although they were previously 
regarded as no longer part of the Malagasy diet (Grandidier and Grandidier 1903-1920). 
  Orb-weaving spiders (Araneae), mainly Nephila inaurata (Walckenaer) 
(Nephilidae), the Malagasy golden orb-weaver (Figure 5.3), were reported to be 
consumed only in Anjà, not in Ambatofinandrahana, although both sites are in the 
highland region where orb-weavers were previously reported to be consumed. Few 
people encountered during fieldwork in other areas of the highlands confirmed that they 
had consumed N. inaurata at least once in their lives, such as during their childhood, or at 
least used their strong web to trap beetles for consumption. Other orb-weavers found in 
rice fields that were not identified were also consumed by two heads of households. 
Consumption of ticks (Ixodida, Arachnida) called kongona or kongon'omby, was also 
recorded from three households in Mahabo but nowhere else in our study. They were not 
described as constituting a real meal, but rather were picked up from the skins of zebus 
and consumed while cattle-herders were bored. The handful of common names 
mentioned by the informants needed further investigation and were classified as 
"Undefined" because we could not collect the arthropods for identification and the 
description was not precise enough to classify them even to the level of order.  
 Ranks of most preferred edible insects varied according to the regions where the 
informants lived (Table 5.3). The fulgorid planthoppers, sakondry, were especially 
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preferred in the littoral areas such as Mahabo, where Zanna tenebrosa (Fabricius) were 
collected, Vatomandry, where Zanna madagascariensis Signoret were collected, and 
Maroantsetra. The latter species was also consumed in Anjà, where it was ranked as the 
tenth most preferred insect in the site (Figure 5.4).  
Edible Species  
 Presented here is the information obtained during our study on edible insect 
species arranged by order, with their common names and/or scientific names, their edible 
stages of development, their habitat characteristics (aquatic or terrestrial) and the 
informant's preference. Their general mode of consumption and their seasonal availability 
are also presented. 
Coleoptera 
 Beetles consumed by the informants in the study sites were from both terrestrial 
and aquatic habitats. Edible adult beetles (71.47%, n= 798, number of times Coleoptera 
was mentioned) were more popular than the larvae (27.76%), which comprised mainly 
white grubs living underground (Figure 5) or in fallen branches and logs of wood. Some 
common names were undefined (0.77%) because it was impossible to identify to stages 
or families using what little information could be retrieved. Aquatic beetles were 
primarily diving beetles (Dytiscidae) but some water scavenger beetles (Hydrophilidae) 
were also consumed (Table 5.4). Aquatic beetles were less popular (29.31%) than the 
terrestrial species (73.26%). The latter comprise primarily scarabaeid beetles (subfamily 
Melolonthinae). The adult stages of beetles are called voangory in Malagasy and the 
larval stages bongy, lafa or vasatra depending on the regions (Table 5.4). Local names 
usually describe features of the beetles, such as colors, i.e., mavo, meaning “yellow” and 
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fotsy vody meaning “white rear”, or habitats of the insects, including kakazo, meaning 
“logs of trees”, tany, meaning “soil”, and ravinala, meaning “the traveler's tree” 
(Ravenala madagascariensis Sonn., Strelitziaceae). Some specimens could be identified 
to species level (Table 4). 
 Tsikondry and voangory be are names given to the pupae of Proagosternus sp. 
and Tricholespis sp. (both Scarabaeidae Melolonthinae) according to Decary (1937: 170). 
Voangory be could be the name of the species in the adult stage as recorded in our 
survey, but unfortunately no specimens could be collected to confirm this identification. 
Some larvae of beetles called sahobaka were also recorded but not collected during the 
survey. Decary (1937:170) defined them as the larvae of Cladognathus serricornis 
Latreille (Lucanidae) or of Scarites sp. (Carabidae). Sahobaka was also defined as a large 
cricket by other authors (Grandidier 1907 and Lespagnol 1904) but informants described 
it as more similar to a beetle larva. According to informants who did not consume these 
insects, sahobaka could be found in rice fields but were not really popular (2.5 %, n= 
798, number of times Coleoptera was mentioned). The consumers found them tasty, 
though, because they are fat like other beetle grubs. The reason for the unpopularity 
might be the fact that, in the past, people were not allowed to dig out larvae of Coleoptera 
along the rice fields, so as to protect the irrigated canals, so only privileged or rich people 
could afford them as they were collected far from the villages (Decary 1937).  
Hemiptera 
 More terrestrial (59.22%, for n=900, number of times Hemiptera were mentioned) 
than aquatic Hemiptera (40.78%) were consumed by the Malagasy informants (Figure 
5.6). They were consumed in both immature and adult stages. Adults of Cicadidae 
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(Figure 5.7) and Fulgoridae (Figure 5.4) were very popular in many regions. The rare 
informants who did not consume the fulgorid planthopper sakondry observed fady 
(taboos) inherited from their ethnic groups. Further studies on the exact reasons for 
taboos, not known by the informants, should be undertaken to see whether species 
indigenous to the original localities of the ethnic groups were not considered edible 
compared to the species in the localities where the informants currently lived or whether 
other reasons that have historic, hygienic or social perspectives could explain the 
attitudes (Meyer-Rochow 2009). Other families of terrestrial Hemiptera such as Coreidae 
were also recorded as edible in Anjà despite the fact that at least one species in this 
family exudes a defensive smell and was used more like a toy for children than for 
consumption. Children hold these insects by their antennae, tethering them so that they 
move faster with their wings in a static position making noise and exuding a defensive 
secretion. White waxy secretions extruded from the tips of the abdomens of flatid 
planthoppers congregating on barks of trees were also collected and immediately 
consumed when encountered because of their sugary taste. The giant water bugs, 
Belostomatidae, and the water scorpions, Nepidae, were the two families most frequently 
consumed among all groups of Hemiptera (Figure 5.6). The data recorded from the two 
families were combined as it was difficult to differentiate them from the informant's 
description and common names provided. Backswimmers, Notonectidae, were also 
collected in water ponds in rice-fields and consumed by many fewer people in some sites 
such as Mahabo. Various common names of Hemiptera were recorded, with some 
specimens collected and identified to species level (Table 5.5). 
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Hymenoptera 
 Because honey from honey bees and stingless bees is widely consumed and 
included in Malagasy traditional rituals (Decary 1950), except for rare ethnic groups who 
cannot eat it for taboo reasons, it merits separate study, so it was not included in the 
questionnaire. We found out that the larvae and pupae of Apis mellifera unicolor 
(Latreille) (Apidae), the Malagasy honey bee (33.98 %, n= 103, number of times 
Hymenoptera was mentioned), and vespid wasps (66.02%), such as Ropalidia vitripennis 
(De Saussure), called faneni-gasy, and Polystes olivaceus (Degeer), called faneni-bazaha, 
were still considered insect delicacies in Vatomandry only. 
Lepidoptera 
 Lepidoptera consumed by the informants in the study sites were eaten mainly in 
the pupal stage (72.94%, n= 255, number of times Lepidoptera was mentioned), although 
fewer informants (27.06%) also consumed the larval stage of a saturniid species, Bunaea 
aslauga Kirby (Figure 8). Many informants who knew about the edibility of the larvae 
but did not want to consume them were afraid of the colorful spines covering their body 
and/or appalled by the preparation mode, as the internal organs must be removed by 
inverting the body tegument of the larvae with a stick before cooking. Few people used as 
food the larvae of the domestic silkworm Bombyx mori L. (Bombycidae). Most of the 
pupae consumed (56.86%) belong to the family Lasiocampidae, which is the family of 
the wild silkworm B. cajani, the species predominantly used in Madagascar, including 
Ambatofinandrahana, for sericulture. Unfortunately, their endemic natural habitats, which 
are tapia forests, have been continuously overexploited and endangered in other regions 
(Gade 1985; Rakotondrasoa et al. 2012; Razafimanantsoa et al. 2012). Managing 
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sericulture, including collection of the pupae, is restricted to a local community-based 
association (COBA) and people can still buy them in local markets. This measure 
sustains sericulture and prevents overexploitation of the silkworms as the pupae must be 
collected at a particular time during their development. The same is true of the 
Notodontidae (Figure 9) that build a large communal silk nest covering individual 
cocoons hanging on branches of Lombiro trees (Rhopalocarpus spp. and probably 
Dialyceras spp., Sphaerosepalaceae) in the last humid dense forests of Madagascar 
(Craig 2007). Species of Hypsoides (Notodontidae) were collected during their pupal 
stages for food by a small number of informants in Maroantsetra (6.28 %). They were 
unpopular because they must be prepared and cleaned in a specific way or in a specific 
time of their pupal stage, usually in earlier stages. Otherwise, the notodontid pupae are 
bitter and difficult to swallow. There is a possibility that the common names mentioned 
in Table 6 described more species than we could collect. We suspect that other larvae of 
saturniids, such as Tagaropsis spp., A. suraka (Gade 1985) and Maltagorea fusicolor 
(Mabille) (Barsics et al. 2013), could be consumed along with Borocera spp. and Bunaea 
aslauga Kirby, as was the case in the tapia forests of Arivonimamo in midwestern 
Madagascar (Barsics et al. 2013), which are similar to the type of forests in 
Ambatofinandrahana.  
Orthoptera 
 Locusts have long been a part of the cuisine appreciated by many Malagasy 
people. Travelers from the seventeenth century mentioned locust consumption 
(Grandidier and Grandidier 1903-1920). Political crises hampering the regular prevention 
of locust migration led in 2012 -2013 to an intense invasion by the Malagasy migratory 
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locust, Locusta migratoria capito, from the south to the central regions of Madagascar, 
and some parts of the north of Madagascar (Figure 5.10). Mixed populations of the 
migratory locusts and the red locust, Nomadacris septemfasciata, were even observed in 
some areas, such as Mandritsara (OFDA-TAG 2013), where people from Maroantsetra 
sometimes visited families; there, they sampled the locusts offered as a meal. The lack of 
preventative treatment in many areas drove many local people to using traditional 
practices, collecting locusts in baskets, boiling, and sun-drying them on mats for future 
consumption (Figure 5.11). Fresh or dried locusts were greatly appreciated during 
invasions, as they can be served as side dishes fried or cooked with fat or meats such as 
pork, accompanying the staple food, rice, for months. 
 Almost all families of Orthoptera found in the field were consumed. They could 
comprise an entire meal when gathered in great numbers, as was the case with locusts, or, 
when they are found in smaller numbers, they are collected by children and grilled 
directly on a fire. A variety of names is used to describe edible grasshoppers, locusts and 
katydids (Table 5.7) with some specimens identified to species level. Only the rainbow 
milkweed locust, Phymateus saxosus Coquerel (Pyrgomorphidae), was not consumed 
because it secretes unpleasant odors attributable to its milkweed diet. It is called 
valalan'alika or valalan'amboa in Malagasy, meaning literally "grasshopper of dogs", or 
valalandolo meaning "dead person soul's grasshopper". Species in another group of 
Orthoptera, the crickets, were also consumed, although they were not popular (3.37%, n= 
247, number of times Orthoptera was mentioned). 
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Odonata 
 Odonata were consumed in immature stages by relatively few informants (3.14%, 
n=2512, number of times Odonata was mentioned). The most widely utilized species are 
large dragonflies (Anisoptera) in the family Aeschnidae or Libellulidae (Table 5.8); fewer 
Zygoptera (damselflies) might be accidentally collected as usually they were caught with 
other aquatic insects during net or basket fishing in the rice fields. They were referred to 
by the informants in different ways describing their specific features: angidindrano, 
meaning "water dragonflies", antibavimatôtra, meaning "an old woman sitting?", which 
describes the carnivorous immature dragonfly waiting for its prey. 
Consumption Mode 
 Most of the informants consumed insects and orb-weavers grilled when they 
collected a small number; more precisely, they placed them directly on fires or roasted 
them on sticks over a fire. Before cooking, some larger arthropods such as orb-weavers 
needed to be cleaned by removing their internal organs and/or their legs. Legs of these 
edible arthropods were not sometimes removed as they were so thin and brittle when 
roasted that they easily broke by themselves. Heads of diving beetles were removed right 
after collection, possibly because of fear of being bitten. When insects were collected in 
larger numbers, such as locusts, they were boiled and sun-dried. Then wings and 
appendages were removed and the remaining body parts were soaked in salted water and 
then pan-fried in animal fat or vegetable oil. Insects with a great amount of fat such as 
rhinoceros beetle larvae do not need oil; a small amount of water is used that will dry 
quickly and let the fat melt. Some insects, such as tsindrahaka (either Nepidae or 
Belostomatidae), are distasteful if directly grilled, according to the informants. Insects 
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can be also stewed by adding available seasoning ingredients such as onions, garlic, 
tomatoes, black peppers and curry spices, a currently typical cuisine style for cooking 
meat in Madagascar. Insects such as locusts and silkworm pupae are also accompanied by 
other meat such as pork to provide more varied flavors to the dish. However, one 
informant did not recommend onions when cooking larval or pupal stages of Saturniidae 
because this individual believed that the mixture could be harmful, although without 
specifying why that is the case. No edible arthropods in pickled conditions were recorded 
in our study. 
Availability of Edible Insects  
 According to the informants, apart from aquatic insects and grasshoppers that 
were available during the year, few species could be consumed during the rainy season, 
in contrast with the dry season, when the fulgorid planthoppers, sakondry, were mostly 
consumed (Table 5.9). Periods of availability of edible insects were then associated with 
the period when the farmers experienced the most difficulties in food provision (Table 
5.13). High consumption of edible insects by the informants was recorded during the 
period from October through December. These months comprise the first half of the lean 
season, which is from October to March (Minten and Barrett 2008), and is mainly a 
period between exhaustion of rice reserves and rice harvest in March. Delay or drought 
and increasedfood prices worsened the situation from January to March (Badjeck et al. 
2013). January and February seemed the worst months for food security as all of the 
factors affecting food security are operative (Table 5.10). Using insects that remain 
available as food during these months would help in supplementing protein intake.  
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 These edible insects were usually collected by farmers in the crop fields or in the 
forests but could also be purchased in local markets or from the collectors during peaks in 
abundance. From March to June 2013, the months we conducted the survey, locusts were 
sold in the open markets in the areas of infestation such as Anjà, Ambatofinandrahana 
and Mahabo, silkworm pupae and aquatic insects only in Ambatofinandrahana (Figure 
5.12), and wasp larvae and pupae only in Vatomandry. Collecting techniques were 
simple: hand-picking or using baskets as sieves for aquatic insects and then using 
emptied bottles or baskets to carry them. Most of the farmers, both men and women, 
know how to collect insects by the time they are adults as this is part of children's 
playtime activities. 
General Conclusions 
 Despite the difficulty classifying edible insects to species, the results of the survey 
showed that Madagascar is rich in edible insects, as reflected by the diversity of common 
names used to describe species eaten in different sites. Species richness was particularly 
high for edible Coleoptera and Orthoptera. More than ten common names were used by 
the local people to differentiate to morpho-species members of these two orders in Anjà. 
Further study relating to identification to scientific names of these common names would 
complete the list of edible insects. However, this study was limited to five sites with 17 
sub-sites. Thus, these results might not reflect trends in consumption of edible non-
crustacean arthropods across the entire country. Notwithstanding, it can definitively be 
stated that the informants' taste at the five sites reflected trends in entomophagy 
worldwide, especially in the Indo-malayan and Afrotropical zones, except for some 
peculiarities such as the absence of termite eating. 
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 Problems of nutrition persist in rural areas even if edible arthropods are diverse 
and available during difficult times and lean seasons for farmers. This might be because 
of acculturation of western values from overseas missionaries and administrators (Gade 
1985). Consuming insects also appears to be more of an opportunistic behavior, as people 
consumed them only when they encountered them, i.e., during the height of their 
availability. In fact, food consumption patterns are strongly related to local availability, 
such as local food supply and local cultures (Cardoso et al. 2013; Nestle et al. 1998). This 
pattern was confirmed in our study with respect to people in Ambatofinandrahana, who 
live closer to sericulture centers and eat silkworm pupae. The abundant species, such as 
fulgorid planthoppers and locusts, were either seasonal or periodical, and were 
appreciated as family meals by the people in the regions where they were found. Some of 
the edible arthropods collected, such as diving beetles and orb-weavers, were not 
abundant enough for a family meal so that they were mainly collected by children for 
snacking.  
 Rearing edible insects could be a workable strategy to improve availability. 
Commercially reared saturniid pupae of A. suraka for a novel wild sericulture enterprise 
are already being considered in trials in Maroantsetra by the non-governmental 
organization Conservation through Poverty Alleviation International (CPALI). 
Sericulture, entomophagy and apiculture have been all used traditionally in different parts 
of Madagascar (Decary 1950) and in other countries (Raina et al. 2009; Schabel 2006). 
These insect-based activities could be improved to tackle pressing economic issues, 
including food security and community-based conservation in riparian forests in the 
region, by providing extra cash to local people who need alternative income to overcome 
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difficult times during the lean season. However, it must be emphasized that learning the 
biology of any species being considered for farming as a source of alternative income for 
community-based conservation is an essential prerequisite for designing a sustainable 
enterprise. As an example, the biology of Hypsoides spp.in Maroantsetra should be 
learned in order to rear the edible species. Not all consumers of the pupae of these species 
possessed proper knowledge of their life cycle, collecting them time when they were 
bitter and consequently throwing them away. Ethno-entomological knowledge from local 
people has great value in insuring sustainability and conservation of edible insects 
(Ramos-Elroduy 2009). Educating the local people in general entomology was essential 
to facilitate documentation of the identity of edible species because common names often 
do not correspond to the appropriate classes or orders. Thus, partnerships between local 
populations and the professional entomological community will likely provide the best 
foundation on which to build sustainable production systems for edible arthropods in 
Madagascar. 
 
LITERATURE CITED 
Badjeck, B., N. C. Ibrahima, and F. Slaviero. 2013. Mission FAO/PAM d'Evaluation de 
la Sécurité Alimentaire à Madagascar. Rapport aux Food and Agriculture 
Organization et Programme Alimentaire Mondial. 75 pp. 
Barsics F., F. Malaisse, T. M. Razafimanantsoa, E. Haubruge, et F. J. Verheggen. 2013. 
Les Ressources Sauvages Comestibles des Bois de Tapia: Inventaire des Produits 
Connus et Consommés par les Villageois. In Les Vers à Soie Malgaches: Enjeux 
 129 
 
Ecologiques et Socio-Economiques, edité par F. Verheggen, J. Bogaert, et E. 
Haubruge. pp. 205-217. Presses Agronomiques de Gembloux. Belgique. 
Bodenheimer, F. S. 1951. Insects as Human Food: a Chapter of the Ecology of Man. The 
Hague, Dr. W. Junk Publishers. 352 pp.  
Cardoso, C., H. Lourenço, S. Costa, S. Gonçalves, and M. L. Nunes. 2013. Survey into 
the Seafood Consumption Preferences and Patterns in the Portuguese Population. 
Gender and Regional Variability. Appetite 64: 20–31. 
Craig, C. L. 2007. Wild Silk Production for Communities in the Eastern Forest Corridor. 
Madagascar. Unpublished CPALI Project Report to the National Geographic 
Society. 22 pp. 
Camboué, R. P. 1886. Les Sauterelles à Madagascar sur le Riz Malgache. Bulletin de la 
Société Nationale d'Acclimatation de France 33: 168-172.  
Decary, R. 1937. L'Entomophagie chez les Indigènes de Madagascar. Bulletin de la 
Société Entomologique de France 62: 168-171. 
Decary, R. 1950.  La Faune Malgache, son Rôle dans les Croyances et les Usages 
Indigènes. Paris: Payot. 236 pp. 
Delaporte, P., J. Randrianasolo, and M. Rakotonirina. 1996. Sylviculture in the Dry 
Dense Forest of Western Madagascar. Primate Report 46: 89-116. 
Food and Agriculture Organization. 2013a. FAO Statistical Yearbook 2013. Rome. 307 
pp. 
Food and Agriculture Organization. Ed. 2013b. Madagascar Locust Crisis - Response to 
the Locust Plague: Three-Year Programme 2013-2016. Available at: 
 130 
 
http://www.fao.org/emergencies/resources/documents/resources-
detail/en/c/172406/#sthash.eGhbhZXA.dpuf. Accessed on August 20th 2014. 
Gade, D. W. 1985. Savanna Woodland, Fire, Protein and Silk in Highland Madagascar. 
Journal of Ethnobiology 5: 109-122. 
Gahukar, R. T. 2011. Entomophagy and Human Food Security. International Journal of 
Tropical Insect Science 31:129–144. 
Global Biodiversity Information Society. Ed. 2014. Available at: 
http://www.gbif.org/species. Accessed on August 20th, 2014. 
Grandidier, A. and G. Grandidier. Beginning 1903-1920. Collection des Ouvrages 
Anciens Concernant Madagascar. Paris. 9 volumes.  
Grandidier G. 1907. Liste Alphabétique des Noms Malgaches d'Animaux. Bureaux de la 
Revue de Madagascar, Paris. 82 pp. 
Huis, A. V. 2003. Insects as Food in Sub-Saharan Africa. Insect Science and its 
Application 23: 163–185.  
Huis, A. V., J. V. Itterbeek, H. Klunder, E. Mertens, A. Halloran, G. Muir, and P. 
Vantomme. 2013. Edible Insects: Future Prospects for Food and Feed Security. 
Food and Agriculture Organization. 201 pp. 
Hurles, M. E., B. C. Sykes, M. A. Jobling, and P. Forster. 2005. The Dual Origin of the 
Malagasy in Island Southeast Asia and East Africa: Evidence from Maternal and 
Paternal Lineages. American Journal of Human Genetics 76: 894–901. 
Institut National de la Statistique (INSTAT), Inner City Fund Macro International (ICF 
Macro). 2010. Enquête Démographique et de Santé de Madagascar 2008–2009. 
Antananarivo. INSTAT et ICF Macro. 
 131 
 
Integrated Regional Information Network. Ed. 2006. Madagascar: Maintaining the Road 
to Prosperity. Available at: http://www.irinnews.org/report/58584. Accessed on 
August 20th, 2014. 
Jongema, Y. Ed. 2012. List of Edible Insect Species of the World. Laboratory of 
Entomology, Wageningen University. Available at: 
http://www.wageningenur.nl/en/Expertise-Services/Chair-groups/Plant-
Sciences/Laboratory-of-Entomology/Edible-insects/Worldwide-species-list.htm. 
Accessed on August 20th, 2014. 
Lespagnol. 1904. Les Insectes: Note Complémentaire sur le Sahobaka (Brachutrypes 
membranaceus var. colloseum Saussure). Bulletin du Jardin Colonial et des 
Jardins d'Essai des Colonies Françaises 3: 495-497. 
Malaisse, F. 2005. Human Consumption of Lepidoptera, Termites, Orthoptera and Ants 
in Africa. In Ecological implications of Minilivestock. Potential of Insects, 
Rodents, Frogs and Snails, edited by Paoletti M.G. pp. 175-230. Science 
Publishers, Enfield, USA. 
Meyer-Rochow, V. B. 1975. Can Insects Help to Ease the Problem of World Food 
Shortage? Search 6: 261-262. 
Meyer-Rochow, V. B. 2009. Food Taboos: their Origins and Purposes. Journal of 
Ethnobiology and ethnomedicine 5:18. Available at 
http://www.ethnobiomed.com/content/5/1/18.Accessed on August 20th, 2014. 
Minten, B. and C. B. Barrett. 2008. Agricultural Technology, Productivity, and Poverty 
in Madagascar. World Development 36:797-822. 
 132 
 
Myers, N., R. A. Mittermeier , C. G. Mittermeier , G. A. B. da Fonesca, and J. Kent. 
2000. Biodiversity Hotspots for Conservation Priorities. Nature 403: 853–858. 
Nestle, M., R. Wing, L. Birch, L. DiSogra, A. Drewnowski, S. Middleton, M. Sigman-
Grant, J. Sobal, M. Winston, and C. Economos. 1998. Behavioral and Social 
Influences on Food Choice. Nutrition Reviews 56: 50–64.  
Nyamulisa, S. 2012. Moving Toward Self-sufficiency in Madagascar. Available at: 
http://www.undp.org/content/undp/en/home/ourwork/povertyreduction/successsto
ries/moving-towards-self-sufficiency-in-madagascar/. Accessed on August 20th, 
2014. 
Office for the Coordination of Humanitarian Affairs. Ed. October 2013. Available at: 
http://reliefweb.int/disaster/2013-000034-mdg. Accessed on August 20th, 2014. 
Paulian, R. 1953. Observations sur les Boroceras de Madagascar, Papillons Séricigènes. 
Le Naturaliste Malgache 1: 69-86. 
Praszkier, T. 2010. Ambatofinandrahana Region. Mineralogical Record 41: 264-266. 
Raina, S. K., E. N. Kioko, I. Gordon and C. Nyandiga. 2009. Improving Forest 
Conservation and Community Livelihoods through Income Generation from 
Commercial Insects in Three Kenyan Forests. ICIPE Science Press. Nairobi. 101 
pp. 
Rakotoarivelo, V. 1970. Le Projet Morondava. Revue de Géographie de Madagascar 16: 
147-158. 
Rakotondrasoa, O. L., F. Malaisse, G. L. Rajoelison, J. Gaye, T. M. Razafimanantsoa, M. 
R. Rabearisoa, B. S. Ramamonjisoa, N. Raminosoa, F. Verheggen, M. Poncelet, 
E. Haubruge, et J. Bogaert. 2012. La Forêt de Tapia, Ecosystème Endémique de 
 133 
 
Madagascar : Ecologie, Fonctions, Causes de Dégradation et de Transformation 
(synthèse bibliographique). Biotechnology, Agronomy, Society and Environment 
16: 541-552. 
Ramos-Elorduy, J. 1990. Edible insects: Barbarism or Solution to the Hunger Problem?,. 
In Ethnobiology: Implications and Applications Vol. I, Proceedings of the First 
International Congress of Ethnobiology, 1988, edited by D. A. Posey and W. L. 
Overal. pp. 151–158. Museu Paraense Emílio Goeldi, Belém.  
Ramos-Elorduy, J. 1997. Insects: a Sustainable Source of Food? Ecology of Food and 
Nutrition 36: 247–276. 
Ramos-Elorduy, J. 2009. Anthropo-Entomophagy: Cultures, Evolution and 
Sustainability. Entomological Research 39: 271-288 
Ranaivosolo, R. A. and M. Randrianandrasana. Sustainability of Wild Silk Production in 
the Community Managed Forests of the Makira Protected Area. 2008. 
Unpublished Report to Wildlife Conservation Society and Conservation Poverty 
and Alleviation, International. 30 pp. 
Randrianandrasana, M., H. A. Razafindraleva, and M. R. Berenbaum. 2014. Records of 
Host Plants of Antherina suraka (Boisduval) (Saturniidae) in Madagascar. 
Journal of the Lepidopterists’ Society 68: 130-140. 
Razafimanahaka, J.H., R.K.B. Jenkins, D. Andriafidison, F. Randrianandrianina, V. 
Rakotomboavonjy, A. Keane, and J.P.G. Jones. 2012. Novel Approach for 
Quantifying Illegal Bushmeat Consumption Reveals High Consumption of 
Protected Species in Madagascar. Oryx 46: 584-592. 
 134 
 
Razafimanantsoa, T. M., G. Rajoelison, B. Ramamonjisoa, N. Raminosoa, M. Poncelet, J. 
Bogaert, E. Haubruge, and F. J. Verheggen. 2012. Silk Moths in Madagascar: a 
Review of the Biology, Uses and Challenges Related to Borocera cajani (Vinson, 
1863) (Lepidoptera: Lasiocampidae). Biotechnology, Agronomy, Society and 
Environment 16: 269–276. 
Schabel, H. G. 2006. Forest Entomology in East Africa: Forest Insects of Tanzania. 
Springer. 388 pp. 
Tofanelli, S., S. Bertoncini, L. Castri, D. Luiselli, F. Calafell, G. Donati, and G. Paoli. 
2009. On the Origins and Admixture of Malagasy: New Evidence from High-
Resolution Analyses of Paternal and Maternal Lineages. Molecular Biology and 
Evolution 26: 2109-2124. 
United Nations Development Programme. 2013. Anja Miray Association, Madagascar. 
Equator Initiative Case Study Series. New York, NY. 
Yen, A. L. 2009. Edible Insects: Traditional Knowledge or Western Phobia. 
Entomological Research 39: 289-298. 
Yhoung-aree, J. 2010. Edible Insects in Thailand: Nutritional Values and Health 
Concerns. In Forest insects as food: humans bite back, Proceedings of a 
Workshop on Asia-Pacific Resources and their Potential for Development, 2008, 
edited by P. B. Durst and D. V. Johnson. pp. 201-216. Food and Agriculture 
Organization of the United Nations, Regional Office for Asia and the Pacific, 
Bangkok, Thailand. 
  
 135 
 
TABLES AND FIGURES 
Table 5.1. Comparison of human edible non-crustacean arthropod species in different 
zones of the world (values in percentage).Grey color highlights the three most frequently 
consumed groups per zone. Data from Jongema 2012 (World, Indo-Malaya, and 
Afrotropic) and from our study (Madagascar). 
 
Order World Indo-Malaya Afrotropic Madagascar 
Blattodea 5 6 8 0 
Coleoptera 31 48 16 36 
Diptera 2 1 1 0 
Hemiptera 10 11 9 23 
Hymenoptera 14 7 7 6 
Lepidoptera 18 4 34 17 
Odonata 3 6 1 4 
Orthoptera 13 16 24 9 
Others* 4 2 1 6 
* comprising orders of arthropods with fewer than 2 % edible species each. 
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Table 5.2. Orders of insects and arachnids consumed by local people in five sites in Madagascar (n = number of heads of households 
interviewed, a: number of responses). 
  Number of times names of arthropods were mentioned (%) 
Site 
Coleo-
ptera 
Hemi-
ptera 
Hymeno-
ptera 
Lepido-
ptera 
Manto-
dea Odonata 
Ortho-
ptera 
Ara-
neae* 
Ixodi-
da* 
Unde-
fined 
Ambatofi-
nandrahana 
3 sub-sites, 
n=90, a=410 28.29 7.56 0.00 32.44 0.00 11.71 19.02 0.00 0.00 0.98 
Anjà 
5 sub-sites, 
n=117, 
a=1010 24.26 45.45 0.00 7.23 1.49 2.18 11.09 7.13 0.00 1.19 
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Table 5.2. Continued. 
  Number of times names were mentioned (%) 
Site 
Coleo-
ptera 
Hemi-
ptera 
Hymeno-
ptera 
Lepido-
ptera 
Manto-
dea Odonata 
Ortho-
ptera 
Ara-
neae* 
Ixodi-
da* 
Unde-
fined 
Mahabo  
3 sub-sites,     
n= 66, a= 435 41.15 38.39 0.00 7.59 0.00 0.92 8.51 0.00 0.69 2.76 
Maroantsetra 
2 sub-sites,    
n= 62, a=305 
 
 
40.00 
 
 
44.92 
 
 
0.00 
 
 
5.25 
 
 
0.00 
 
 
1.64 
 
 
4.26 
 
 
0.00 
 
 
0.00 
 
 
3.93 
Vatomandry 
4 sub-sites, 
n=102, a=352 38.64 30.11 29.26 0.00 0.00 0.00 1.99 0.00 0 0 
Grand total 
17 sub-sites,  
n= 437, 
a=2512 31.77 35.83 4.10 10.15 0.60 3.14 9.83 2.87 0.12 1.59 
*Non-insect Arthropoda in the Class Arachnida.  
 138 
 
Table 5.3. Five most frequently consumed insects in five sites in Madagascar. Evaluation of 
preference based on the number of times the name of the insect was mentioned by the 
informants. 
Ambatofinandrahana 
1. Zana-dandy (Silkworm pupae, Lepidoptera)                                                       n=83 
2. Valala (Locusts or grasshoppers, Orthoptera)                                                     n=78 
3. Kijaja (Saturniid larvae, Lepidoptera)                                                                 n=50 
4. Angidindrano (Dragonfly nymphs, Odonata)                                                      n=48 
5. Tsikovoka (Adult diving beetles,Coleoptera)                                                       n=42 
Anjà 
1. Angala (Giant water bugs or water scorpions, Hemiptera)                                  n=211 
2. Bora (Cicadas or spittle bugs, Hemiptera)                                                          n=111 
3. Valala (Locusts or grasshoppers, Orthoptera)                                                     n=103 
4. Voangory (Adult Melolonthinae beetles, Coleoptera)                                         n=101 
5. Tsikovoka (Adult diving beetles, Coleoptera)                                                      n=94                  
Mahabo 
1. Sakondry (Fulgorid planthoppers, Hemiptera)                                                     n=51 
1. Tsikovoka (Adult diving beetles, Coleoptera)                                                      n=51 
3. Bora (Cicadas or spittle bugs, Hemiptera)                                                           n=49 
4. Angala (Giant water bugs or water scorpions, Hemiptera)                                  n=48 
5. Bongy (Larvae of Scarabaeidae/Cerambycidae/Lucanidae, Coleoptera)             n=46 
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Table 5.3. Continued. 
Maroantsetra 
1. Bora (Cicadas or spittle bugs, Hemiptera)                                                           n=53 
2. Sakondry (Fulgorid planthoppers, Hemiptera)                                                     n=51 
3. Voatandroka (Adults and larvae of Scarabaeidae Dynastinae, Coleoptera)        n=50 
4. Angala (Giant water bugs or water scorpions, Hemiptera)                                  n=33 
5. Bongy (Larvae of Scarabaeidae/Cerambycidae/Lucanidae, Coleoptera)             n=30 
Vatomandry 
1. Sakondry (Fulgorid planthoppers, Hemiptera)                                                     n=77 
2. Fanenitra (Vespid wasps, Hymenoptera)                                                             n=68 
3. Bongy (Larvae of Scarabaeidae/Cerambycidae/Lucanidae, Coleoptera)             n=54 
4. Voangory (Adult Melolonthinae beetles, Coleoptera)                                          n=50 
5. Tantely kinjany (Larvae of honey bee, Hymenoptera)                                           n=35 
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Table 5.4. Specimens of edible Coleoptera recorded in Madagascar from January to June 2013 
and December 2013. 
Scientific name Family Common name Location Stage 
consumed 
AQUATIC SPECIES     
Cybister cinctus 
Sharp 
Dytiscidae Voatsingovoka Vatomandry Adult 
Cybister desjardinsii 
Aubé 
Dytiscidae Voatsingovoka Vatomandry Adult 
Cybister operosus 
Sharp 
Dytiscidae Tsikovoka Unspecified Adult 
Cybister tripunctatus 
(Olivier)  
Dytiscidae Tsimangovo Mahabo Adult 
Cybister vulneratus 
Klug  
Dytiscidae Tsikobo, 
tsikoboka, 
tsikobono  
Maroantsetra Adult 
Cybister sp  Dytiscidae Tsikovoka Unspecified Adult 
Unidentified Dytiscidae Kaity Anjà Adult 
Sternolophus sp. Hydrophilidae Tsimangovo, 
tsikobo, 
tsikoboka, 
tsikobono 
Mahabo, 
Maroantsetra 
Adult 
Unidentified Dytiscidae, 
Hydrophilidae 
Kibehara, 
tsibehara 
Mahabo Adult 
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Table 5.4. Continued. 
Scientific name Family Common 
name 
Location Stage 
consumed 
Unidentified Dytiscidae, 
Hydrophilidae 
Ikalamainty Anjà Adult 
Unidentified Dytiscidae, 
Hydrophilidae 
Fanenin-
drano, 
fangorinana 
Ambatofinan-
drahana 
Larva and 
pupa 
Dineutes sp.  Gyrinidae Fandiorano Vatomandry Adult 
TERRESTRIAL 
SPECIES 
    
Scarites sp.* Carabidae Sahobaka Anjà, Mahabo, 
Maroantsetra 
Larva and 
pupa 
Batocera 
rufomaculata 
(Degeer)  
Cerambycidae 
Lamiinae 
Ombilahin-
janahary 
Vatomandry Larva and 
pupa 
Unidentified Cerambycidae 
Lamiinae 
Ombilahin-
janahary 
Vatomandry Larva and 
pupa 
Cladognathus 
serricornis Latreille* 
Lucanidae Sahobaka Anjà, Mahabo, 
Maroantsetra 
Larva and 
pupa 
Oryctes boas 
(Fabricius) 
Scarabaeidae 
Dynastinae 
Voatandroka Mahabo Larva, pupa 
and adult 
Oryctes gigas 
Castelnau 
Scarabaeidae 
Dynastinae 
Voatandroka Vatomandry Larva, pupa 
and adult 
Oryctes pyrrhus 
Burmeister 
Scarabaeidae 
Dynastinae 
Voatandroka Mahabo Larva, pupa 
and adult 
* scientific name associated with the common name according to Decary 1937.   
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Table 5.4. Continued. 
Scientific name Family Common 
name 
Location Stage 
consumed 
Unidentified Scarabaeidae 
Dynastinae 
Voatandroka Maroantsetra Adult 
Unidentified Scarabaeidae 
Dynastinae 
Lafa bitay Maroantsetra Larva and 
pupa 
Enaria limbalis 
Fairmaire 
Scarabaeidae 
Melolonthinae 
Voangaratra Vatomandry Adult 
Hoplochelus 
marginalis 
(Fairmaire) 
Scarabaeidae 
Melolonthinae 
Voangory fotsy 
vody 
Ambatofinandrahana
, Anjà  
Adult 
Hoplochelus 
spp.  
Scarabaeidae 
Melolonthinae 
Voangaratra Vatomandry Adult 
Proagosternus 
sp.* 
Scarabaeidae 
Melolonthinae 
Voangory be/ 
tsikondry 
Mahabo, 
Maroantsetra 
Larva, 
pupa and 
adult 
Tricholespis 
sp.* 
Scarabaeidae 
Melolonthinae 
Voangory be/ 
tsikondry 
Mahabo, 
Maroantsetra 
Larva, 
pupa and 
adult 
Unidentified Scarabaeidae 
Melolonthinae 
Voangory 
mavo 
Anjà Adult 
* scientific name associated with the common name according to Decary 1937.  
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Table 5.4. Continued. 
Scientific 
name 
Family Common name Location Stage 
consumed 
Unidentified Scarabaeidae/ 
Cerambycidae/ 
Lucanidae and 
others 
Badro Ambatofinandra-
hana 
Larva and 
pupa 
(underground) 
Unidentified Scarabaeidae/ 
Cerambycidae/ 
Lucanidae and 
others 
Bongy, bongy 
tany, bongy 
hazo, 
mandrilava 
Ambatofinandra-
hana, Anjà, 
Mahabo 
Larva and 
pupa 
Unidentified Scarabaeidae/ 
Cerambycidae/ 
Lucanidae and 
others 
Lafa, lafa fohy, 
lafa kakazo, lafa 
ravinala, lafa 
sakaiva 
Maroantsetra Larva and 
pupa 
Unidentified Scarabaeidae/ 
Cerambycidae/ 
Lucanidae and 
others 
Oli-bonga Ambatofinandra-
hana 
Larva and 
pupa 
Unidentified Unidentified Kiamboamboa Ambatofinandra-
hana 
Larva and 
pupa 
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Table 5.4. Continued. 
Scientific name Family Common 
name 
Location Stage 
consumed 
Unidentified Unidentified Andraitry 
jirofo 
Maroantsetra Unidentified 
Unidentified Unidentified Fanito rafia, 
Tsingetretry 
Maroantsetra Unidentified 
Unidentified Unidentified Tsivatravatra Anjà Adult 
Unidentified Unidentified Tsivoangòna Vatomandry Adult 
Unidentified Unidentified Vasatra Vatomandry Larva 
Unidentified Unidentified Voangory 
ajabo 
Anjà Adult 
Unidentified Unidentified Voangory 
akoho 
Anjà Adult 
Unidentified Unidentified Voangory 
amerikanina 
Anjà Adult 
Unidentified Unidentified Voangory 
atsatsa 
Anjà Adult 
Unidentified Unidentified Raplikely Anjà Adult 
Unidentified Unidentified Voangory 
baovelo 
Anjà Adult 
Unidentified Unidentified Voangory 
peratsy, 
voaperatse 
Anjà, Mahabo Adult 
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Table 5.5. Specimens of edible Hemiptera recorded in Madagascar from January to June 2013 
and December 2013). 
Scientific name Family Common name Location Stage 
consumed 
Aquatic true bug     
Hydrocyrius 
punctatus Stal 
Belostomatidae Giant water bug Unspecified Immature/adult 
Heleocoris 
naucoroides 
Montand. 
Naucoridae Creeping water 
bug 
Unspecified Immature/adult 
Laccotrephes spp. Nepidae Tsingahatra Vatomandry Immature/adult 
Unidentified Belostomatidae
/ Nepidae 
Andriamasy Anjà Immature/adult 
Unidentified Belostomatidae
/ Nepidae 
Angala, Magna Anjà Immature/adult 
Unidentified Belostomatidae
/ Nepidae 
Angalabe Anjà Immature/adult 
Unidentified Belostomatidae
/ Nepidae 
Lavasiky Anjà Immature/adult 
Unidentified Belostomatidae
/ Nepidae 
Tsikahaka Maroantsetra Immature/adult 
Unidentified Belostomatidae
/ Nepidae 
tsindrahaka Anjà, 
Ambatofinandrahana 
Immature/adult 
Unidentified Belostomatidae
/ Nepidae 
Tsingalapaka Anjà Immature/adult 
Unidentified Belostomatidae
/ Nepidae 
Tsingalandrano Anjà Immature/adult 
Unidentified Belostomatidae
/ Nepidae 
Tsimahatafitena Anjà, 
Ambatofinandrahana 
Immature/adult 
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Table 5.5. Continued. 
Scientific name Family Common name Location Stage 
consumed 
Unidentified Notonectidae Tsiditsidika/ 
kivadikapotsy 
Anjà Immature/adult 
Unidentified Notonectidae Tsipikopiko/ 
tsipipiko 
Anjà, Mahabo Immature/adult 
Unidentified Unidentified Kitsitititika Anjà, Mahabo Immature/adult 
Unidentified Unidentified Pitripitrika Anjà Immature/adult 
Unidentified Unidentified Tsingala Anjà Immature/adult 
Terrestrial true 
bug 
    
Malagasia aperta 
(Signoret) 
Cicadidae 
Tibicininae 
Angoaka Vatomandry Immature/adult 
Malagasia 
distanti Karsch 
Cicadidae 
Tibicininae 
Gigiky Vatomandry Immature/adult 
Platypleura 
andriana Distant 
Cicadidae Bora, Borahazo, 
boran-kazo 
Mahabo Immature/adult 
Yanga guttulata 
(Signoret) 
Cicadidae Ampandy Vatomandry Immature/adult 
Unidentified Cicadidae/ 
superfamily 
Cercopoidea 
Ampindy Vatomandry Immature/adult 
Unidentified Cicadidae/ 
superfamily 
Cercopoidea 
Angoaka Vatomandry Immature/adult 
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Table 5.5. Continued. 
Scientific 
name 
Family Common 
name 
Location Stage consumed 
Unidentified Cicadidae/superfamily 
Cercopoidea 
Boramena, 
Ikalamena 
Anjà, Mahabo Immature/adult 
Unidentified Cicadidae/superfamily 
Cercopoidea 
Boran-tany Anjà, Mahabo Immature/adult 
Unidentified Cicadidae/superfamily 
Cercopoidea 
Jorery 
vaventy 
Anjà Immature/adult 
Unidentified Cicadidae/superfamily 
Cercopoidea 
Pindy, pinjy Maroantsetra Immature/adult 
Unidentified Coreidae Agnaogna Anjà Immature/adult 
Flatida rosea 
(Melichar)* 
Flatidae Kiakoholahy Anjà, Mahabo, 
Vatomandry 
Secretion 
(siramamin'ala, 
literally forest 
sugar ) 
Flatida 
coccinea 
(Auber)* 
Flatidae Kiakoholahy Anjà, Mahabo, 
Vatomandry 
Secretion 
(siramamin'ala, 
literally forest 
sugar ) 
*scientific name associated with the common name according to Decary 1937.  
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Table 5.5. Continued. 
Scientific name Family Common name Location Stage consumed 
Zanna 
madagascariensis 
Signoret  
Fulgoridae Sakondry Anjà, Vatomandry Immature/adult 
Zanna tenebrosa 
(Fabricius) 
Fulgoridae Sakondry Mahabo Immature/adult 
Zanna sp. Fulgoridae Sakondry Maroantsetra Immature/adult 
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Table 5.6. Specimens of edible Lepidoptera recorded in Madagascar from March to June 2013. 
Scientific 
name 
Family Common name Location Stage 
consumed 
Bombyx mori 
Linnaeus 
Bombycidae Landikely, zana-
dandy 
Anjà, 
Ambatofinandrahana 
Pupa 
Borocera 
cajani Vinson 
Lasiocampidae Landibe, bibin-
dandy, zana-
dandy 
Anjà, 
Ambatofinandrahana 
Pupa 
Hypsoides 
antsianakana 
Oberthür* 
Notodontidae Saràna, mondra 
lombiry 
Maroantsetra Pupa 
Hypsoides 
diego 
Coquerel*  
Notodontidae Saràna, mondra 
lombiry 
Morondava  Pupa 
Hypsoides 
radama  
Coquerel * 
Notodontidae Saràna, mondra 
lombiry 
Maroantsetra Pupa 
Hypsoides 
semifusca 
Kiriakoff ** 
Notodontidae Saràna, mondra 
lombiry 
Maroantsetra Pupa 
Hypsoides 
singularis 
Kiriakoff* 
Notodontidae Saràna, mondra 
lombiry 
Maroantsetra Pupa 
*presence recorded from PBZT insect collection 
**presence recorded from Craig 2007. 
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Table 5.6. Continued. 
Scientific 
name 
Family Common name Location Stage 
consumed 
Antherina 
suraka 
(Boisduval) 
Saturniidae Saràna, soherina, 
sarohy*** 
Maroantsetra Pupa, 
larva*** 
Bunaea aslauga 
Kirby 
Saturniidae Kijaja, sarà, sarohy Anjà, 
Ambatofinandrahana
, Arivonimamo 
Larva 
Unidentified Saturniidae Kitsahitsahy, kizazy Ambatofinandrahana Larva 
Unidentified Mostly 
Lasiocampidae 
but a few 
Bombycidae/ 
Saturniidae 
Mondra, mondry Maroantsetra, 
Mahabo 
Pupa 
Unidentified Mostly 
Lasiocampidae 
but a few 
Bombycidae/ 
Sphingidae/ 
Saturniidae 
Bambara, goreka Anjà, 
Ambatofinandrahana 
Other stage 
than larva 
(pupa and 
few adults) 
***larval stage not mentioned by informants but recorded from Gade 1985. 
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Table 5.7. Specimens of edible Orthoptera recorded in Madagascar from March to June 2013 and 
December 2013. Kijeja designates the immature stage of most acridids. 
Scientific name Common name Family Location 
Locusta migratoria 
capito Saussure 
Valalamena 
(Migratory locust) 
Acrididae Anjà, 
Ambatofinandrahana, 
Mahabo 
Nomadacris 
septemfasciata 
Audinet-Serville 
Valalamena 
 (Red locust) 
Acrididae Anjà, 
Ambatofinandrahana, 
Mahabo 
Cyrtacanthacris sp.* Grasshopper Acrididae Unspecified 
Brachytrupes 
membranaceus* 
(Drury) 
Sahobaka** Acrididae Unspecified 
Odontolakis 
sexpunctata 
(Serville)** 
Ampangan'akond
ro 
Tettigoniidae Vatomandry 
Unidentified Angely, Kiangily Gryllidae Anjà 
Unidentified Kiangily mainty Gryllidae Anjà 
Unidentified Mendry Unidentified Maroantsetra 
Unidentified Kifilifily Unidentified Anjà 
Unidentified Kindava Unidentified Anjà 
Unidentified Kindra Unidentified Anjà 
Unidentified Kipapasy Unidentified Anjà 
Unidentified Valala gambo Unidentified Anjà 
Unidentified Valala maitso Unidentified Anjà 
Unidentified Valala zana-tany Unidentified Anjà 
*not collected but presence recorded from Defoliart 2002. 
** name associated with a cricket instead of a beetle (Grandidier 1907, Lespagnol 1904) 
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Table 5.8. Specimens of edible larval stage of Odonata collected in Madagascar from March to 
June 2013. 
Scientific name Common name Family Location 
Anax spp. and other 
genera 
Tsikina Mostly 
Aeschnidae 
Ambatofinandrahana  
Trithemis spp. and 
other genera 
Ondrindrano Libellulidae Mahabo 
Anax spp., 
Trithemis spp. and 
other genera 
Valohotraka Aeschnidae 
or 
Libellulidae 
Anjà 
Anax spp. and other 
genera 
Antibavimatòtra In the group 
of Anisoptera 
Maroantsetra 
Unidentified Bedobòka,  In the group 
of Anisoptera 
Mahabo 
Unidentified Betabòka In the group 
of Anisoptera 
Anjà 
Unidentified Fangorinan-drano, 
fanorinan-drano, 
renin'angidina, 
vatan'oron-dRasamy 
In the group 
of Anisoptera 
Anjà, 
Ambatofinandrahana 
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Table 5.9. Availability of edible insects and orb-weavers throughout the year in Madagascar 
according to the informants participating in the survey. 
Season Edible insects available 
All seasons - Aquatic insects (diving beetles, dragonfly nymphs, 
Belostomatid and water scorpions, backswimmers) 
- Grasshoppers 
- Pupae of silkworms (collected or reared, but 
localized availability) 
October to March (Mainly 
hot and rainy season)  
- Adult and larvae of terrestrial beetles  
- wax secretion of flatid planthoppers 
- Adult Cicadidae 
- Larvae of Saturniidae 
- Adult of moths such as hawk moths (Sphingidae) 
- Pupae of notodontid moths 
April to September (Mainly 
cool and dry season ) 
- Fulgorid planthoppers 
 
Periodically  - Locusts (during pesticide-free infestations). 
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Table 5.10. Availability of edible insects according to the informants compared to factors 
affecting food security. Source: Minten and Barrett 2008, and Badjeck et al. 2013. Square 
legend: black: peak, grey: presence.  
S O N D J F M A M J J A Months of the year 
            Higher availability of edible insects 
            Lack or delay of precipitation 
            Lean season 
            Lowest availability of cereal crops 
(especially rice) 
            Hike in food prices 
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Figure 5.1. Study sites where a survey of entomophagy was conducted in Madagascar from 
March to June 2013. Antananarivo is the distance point of reference. Copyright by Esri, 
Delorme, Navteq, and RBG Kew. 
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Figure 5.2. Insects and arachnids in different orders consumed by local people in five sites, 
Ambatofinandrahana, Anjà, Mahabo, Maroantsetra and Vatomandry, in Madagascar. Black: 
number of times common names mentioned by informants; white: species mentioned in 
interviews. 
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Figure 5.3. The Malagasy golden orb-weaver, Nephila inaurata (Nephilidae), caught on its web 
on one of the walls of a house in Anjà.  
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Figure 5.4. Sakondry, Zanna madagascariensis (Fulgoridae), consumed in Anjà. 
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Figure 5.5. Bongy, a rhinoceros beetle larva (Scarabaeidae, Dynastinae) consumed in Mahabo 
Morondava. 
  
 160 
 
 
Figure 5.6. Insects in the families of Hemiptera consumed by local people in five sites, 
Ambatofinandrahana, Anjà, Mahabo, Maroantsetra and Vatomandry in Madagascar. Grey: 
aquatic; Black: terrestrial. 
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Figure 5.7. Bora, Platypleura andriana (Cicadidae), consumed in Mahabo Morondava. 
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Figure 5.8. Sarà, larvae of Bunaea aslauga (Saturniidae), consumed by a small number of people 
in Madagascar. 
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Figure 5.9. Freshly collected large cocoon covering individual cocoons inside of which are found 
the edible pupae of Hypsoides sp. (Notodontidae) . 
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Figure 5.10. A swarm of locusts invading rice-fields in May 2013 in Fianarantsoa and people 
trying to collect them in bags and buckets. Photo by Hermond Randrianandrasana. 
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Figure 5.11. A woman filling a basket with locusts sun-dried on a mat, for storage indoors during 
the night. 
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Figure 5.12. Aquatic insects (upper left), silkworm pupae (upper right) and locusts (bottom) sold 
in local market places in Ambatofinandrahana and Mahabo. 
  
 167 
 
APPENDIX A. AMINO ACID COMPOSITION OF COCOON SILK OF THREE 
MOTHS: ANTHERINA SURAKA (SATURNIIDAE), BOMBYX MORI (BOMBYCIDAE) 
AND AMYELOIS TRANSITELLA (PYRALIDAE) 
 
 Different species in the same order present different silk quality which can be explained 
by different concentration of amino-acids present in their cocoons. Cocoons of Philosamia ricini 
(Saturniidae) contain glutamic acid in abundance (Ahmad et al 2004), which differ from most of 
cocoons of silkworm such as the domesticated silkworm Bombyx mori L. (Bombycidae). The 
latter has silk fibroin rich in alanine and glycine. Silk of Anaphe reticulata Walker 
(Notodontidae) has an intermediate structure between the Ala-Gly silk of B. mori and the 
polyalanine silk of Saturniid silkworms, naming Samia cynthia ricini and Antheraea pernyi 
(Guérin-Méneville) (Tanaka 2008).  
 In my study, I analyzed the amino acid composition of cocoon silk from three species of 
Lepidoptera: B. mori, the Malagasy saturniid Antherina suraka (Boisduval), and the navel 
orangeworm (Pyralidae) Amyelois transitella (Walker). Cocoons of these three species differ in 
physical appearance such as texture. My goal in this study was to determine whether these 
differences were caused by differences in amino-acid composition of silk forming the cocoons.  
 
MATERIALS AND METHODS  
I analyzed the amino acid composition of cocoon silk from B. mori, the Malagasy 
saturniid A. suraka (Boisduval), and Am. transitella (Walker) by using a Waters-Pico-tag system 
(White et al 1986). They were boiled in 0.05% sodium bicarbonate during four hours. Ten 
milligrams of cocoon pieces were hydrolyzed in 6N HCl for 24 hours at 110˚C, evaporated under 
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high vacuum till dry (about 6-10 hours), then neutralized and derivatized with 
phenylisothiocyanate (PITC). The derivatized amino-acids were separated and quantified by 
reverse phase high performance liquid chromatography (HPLC). Amino-acid peaks were 
identified by matching pure amino-acid standard peaks with the obtained peaks from cocoon 
analyses. 
 
RESULTS 
 The analysis revealed that B. mori silk protein contains more glycine than silk of the 
other two species (Figure A.1). By contrast, alanine was the most abundant amino acid in cocoon 
silk of A. suraka. Silk of Am. transitella appeared to have roughly equal, albeit low, quantities of 
the three amino acids. Although the samples used for B. mori in our study was very small, the 
results obtained were similar to a study in which amino-acid composition of the silk of B. mori 
was compared with that of Antheraea pernyi through chromatographic determination (Schroeder 
et al.1955) . These differences in composition might explain the differences in texture (Figure 
A.2) and other physical properties of these species of Lepidoptera. 
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FIGURES 
 
Figure A.1. Three major amino acids of cocoon silk proteins of Antherina suraka (n=29), 
Amyelois transitella (n=50) and Bombyx mori (n=3). Data were obtained by using a high 
performance liquid chromatography . 
 
Figure A.2. Cocoons of Antherina suraka (left), Bombyx mori (center) and Amyelois transitella. 
Note the coarse texture of Antherina suraka cocoon compared with  the cocoon of Bombyx mori 
in artificial frames, and the soft and thin texture of the cocoon of Amyelois transitella (the white 
weblike structure on the left side of the almond kernel). 
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APPENDIX B. INCORPORATING NEW ENTOMODIET IN MADAGASCAR 
 
 Some data related to rural people attitude toward entomophagy were recorded (Table B.1 
and B. 2) during a survey undertaken in 2013 in different regions of Madagascar, including 
Ambatofinandrahana, Anjà, Mahabo, Maroantsetra and Vatomandry. 
 
TABLES 
Table B.1. Percentage of informants willing to incorporate new entomodiet in different regions 
of Madagascar. Data obtained from the survey of entomophagy in 2013. 
 
District 
 # households 
No (%) Yes  
(%) 
Hesitant  
(%) 
No 
response 
(%) 
Ambatofinandrahana 
n= 90 
                 
57.8 
                     
40 
                                          
0 2.2 
Ambalavao (Anjà)                     
n= 117 
                     
34.2 
                    
52.1 
                            
2.6 
            
11.1 
Mahabo  
n= 66 
                         
37.9 
                         
36.4 
                               
0 
                 
25.8 
Maroantsetra 
n= 62 
                         
33.9 
                        
40.3 
                           
14.5 
                    
11.3 
Vatomandry 
n= 102 
                        
27.4 
                        
64.8 
                        
0 
                        
7.8 
Overall sites 
n= 347 
                        
46.5 
                        
41.0 
                        
2.7 
                        
9.8 
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Table B.2. Percentage of informants willing to incorporate Antherina suraka in their diet in 
Maroantsetra. Data obtained from the survey of entomophagy in 2013. 
District 
 # households 
No (%) Yes 
(%) 
Hesitant 
(%) 
No 
response 
(%) 
Ambodivoangy 
n= 24 
45.8 16.7 8.3 29.2 
Mahalevona                     
n= 38 
                     
57.9 
                    
23.7 
                            
5.3 
            
13.2 
 
